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A RTICLE I. 

» 

Method of constructing an Iron Bridge, with one arch if erten^ 
sive span. Proposed to he carried over the *Menai Iretween 
Anglesea and Caernarvonshire. By Thomas Telford^ Esq. 

Civil Engineer*. 

T he otHtir design, plate I. is for the narrower streight Brulge ove^ 
called Ynys-y-Moch. Here the situation is particularly ®“*‘* 
favourable for constructing a Bridge of one aich, and making 
that 500 feet span, leaves the navigation as free as at present. 

In this 1 have* made the height lOO feet in the clear at high- 
water spring-tides, and I propose this bridge to be 40 feet in. 
breadth estimating from drawings, as already described, I* 
find the expense to be 127.33)/. or 3l,3ti7/- less tl»an the 
former.t From leaving tlie whole channel unimpeded, .It is 
certainly the roost perfect scheme of passing ^he Menai, and it 
wouRl, in roy opinion, be attended vtiih the least inoonvenietice 
and risk in the execution. 

From his Report to the Lords of the Treasury, ISll. 

t Two designs are given in the Rep'irt; one for |ne here 

described, of a silkgle airb, at Yny?-y-Morb, alioni 800 yerds 1% 
or south-westward, of Bagnor Ferry, and anotlitr of five arches at 
about twice that distance upon thd^Swilley rocks^ estimated at lSB, 698 f, 

Yost XXXV.—No. J ei. B Irx 
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render this evident, 1 have made a drawing (o 
it^hal manner the centering or frame for an arch of this 
may be consiructed j hitherto the centering has 
by placing supports and working from below ; but 
‘Wthe^ase of the Menai, from the nature of the bottom of the 
channel, the depth at low water, and the great rise and rapidity 
ot the tides, this wonld be very difficult, if not impracticable. 
I therefore propose changing the niodoj and woiking entirely 
from above; that is to say, instead of supporting, I mean to 
suspend the centering. By inspecting the drawing, the general 
principle of this will be readily conceived. 

I propose, in -t^he first place, to build the masonry of the 
abutments as far back as the lines AB, CD, and in the particu¬ 
lar manner shewn in the section. 

Having carried up the masonry to the level of the roadway, 
I propose, upon the top of each abutment, to construct as 
many frames as there are to be ribs in the centers, and of at 
least aiv equal breadth with the top of each rib. These frames 
to be about fifty feet high above the top of the masonry, and 
to be rendered''perfectly firm and secure. -That this can be 
done, is so evident, I avoid entering into details respecting the 
inode. These frames are for the purpose of receiving strong 
blocks, or rollers and chains,and to be acted upon by windlasses 
or other pow'ers. 

I next proceed to construct the centering itself 5 it is pro- 
foiir scpai itk. made of deal baulk, and to consist of four separate 

ribs earned ribs, each rib consisting of a continuation of timber frames, 
abutinoi'itVon in width across the top and bottom, dnd varying in 

each side, and depth from 25 feut, near the abutment, to 7 feet 6 inches at 
Shw ^ middle or crown. Next to the face of the abutment, one 

set of frames about 50 feet in length can, by means of temporary 
scaffolding and irdn chain bars, be readily constructed and 
fixed upon the ma|anry offsets of the abutment, and to hori-' 
zontal iron ties laid into the masonry for this purpose 3 i set 
of these frames ffour in number) having been fixed against the 
face of each abutment, they are to be sheared together by cross 
and diagonal J)races ; and there i)ef|ig spaces of on^ 6 feet 8 
inches h^tbetw^een the ribs (of which th^ framgs aretbe^om* 
mencement) they are to be covered with planking, and the 
whole converted into a platform fO feet by 40. By the nature 

• of 


rt-ntcr'ii}* of 
deal baulk 


in 
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of the framing, and from its ^ing secured by horHi^ontal and 
inspending bars, 1 presume every person accustomed to practical 
operations wit! admit that tbe!>e platforms mdy be rendered per^ 
feclly firm and secure. 

The second portion of the centering frames, having ^ 

previously prepared and fitted together in the carpenter’s yard, tion"of*tije 
are brought in separate pieces, through passages, purposely left frame* 
open in the masonry, to the before-mentioned platform ; they 
are here put together, and each frame raiseef by the suspending 
chain bars and other means, so that the end, which is to be 
joined to the frame already fixed, shall rest upon a small 
moveable carriage: it is thiwi to be pi.shed forward, perhaps 
upon an iron rail-road, until the strong^on forks which are fixed 
upon its edge, shall tall upon a ronnd iron bar which forms the 
outer edge of the first or abutment frames : when this has been 
done, strong iron brrlts are put through eyes in the forks, and 
the, aforesaid second portion of frame - work, is suffered to 
descend to its intended position by means of the suspending 
chain-bars, until it closes with the end of the previou-ly fixed 
frame,like a rule joint. Admitting the first ftames were firmly 
fixed, and that the hinge part of this joint is sufficiently strong, 
and the joint Itself about 20 feet deep, I conceive that even 
without the aid of the suspending bars, that this second portion 
of the centering would be supported; but we will for a numient 
suppdSe, that it is to be wholly suspended. —It is known by 
experiments, that a bar of good malleable iron, one inch 
square, wilt suspend 80,000lbs. and (hat the powers of suspen¬ 
sion arc as the sections; consequently a bar of If inch square 
will suspend l$0,00Qlbs. but the whole weight of this port 
of rib, including the weight of the suspending bar, is only 
about 30j0(X>lbs oc one-sinth of the weight that might be 
safely suspended ; and a| 1 propose two suspending chain-bars 
to eacJt portion of rib, if they had the whol^ to support they* 
would only be exerting about l-12th of their power; and con¬ 
sidering the proportion of the weight which rests upon the 
abutments, they are equal also to support all the iron^work of 
the bridge, and be still far within their power. 

Having thus j^ovided for the second portions of the Center* endtbeothers. 
ing a degree of security far ^eyond what can be required, 

•imilar ^ratioai are carried mi froin each abutment, until thh 

B 2 parts 
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parts are joined i * the middle and form a complete centering ; 
and being then braced together, and covered with plankifig 
w here necessary, they become one general platform or wooden 
bridge on wliich to lay the iron*work. 

Vp')n this It is, I presume, needless to observe, that upon such a center* 

arch*iu*&is*^ platform the iron-work, which is understood to have been 

laid. « previously fitted, can be put together with the utmost correct¬ 
ness and facility ; the communications from the shores to the 
centering will be through the before-mentioned passages left in 
the masonry. 

INIain ribs and 1'he form of the iron-w'ork of the main ribs will be seen by 
(he drawings ld*campose a system of triangles, preserving the 
M< on u top. pfjjjjfj Qf bearing in the direction of the radius. It is 

proposed in the breadth of the bridge (i. e. 40 feet) to have g 
ribs, each cast in 23 pieces, and these connected by a cross- 
grated plate, nearly in the same manner as in the great 
Aqueduct of Pontcysylte over the valley of the Dee, near 
Llangollen ; the fixation of tite several ribs in a vertical plane 
appearing (after the abutments) to be the most important object 
in iron bridges, I propose to accomplish this by covering the 
several parts, as they are progressively fixed, with grated or 
reticulated and fianched plates across the top of the ribs. This 
would keep the tops of the ribs immovable, and convert the 
w'hole breadth of the bridge into one frame j besides thus 
securing the top, I propose also having cross braces n^ar the 
bottom of the ribs. 


rmibitioration *1^6 main ribs being thus fixed, covered and connected 
utt!icpiTSMU4'. together, the great feature of the bridge is compleied ^ and as, 
from accurate experiments made and communicated to me by 
my friend the late William Reynolds, of Coalbrook Dale, it 
requires 44S,OOOlbs. to crush acub^ of 4: nich of cast iron of 
the quality called gun met.U, it is clear, that while the ribs 
are kept in thecx true position, the sfrength provided is^ more 
than ample. 


iMciIio.l ol OHS- When advanced thus far, I propose (though not to remove) 

ingi!j(> center-timber centering, fey having the feet of the 
j and gone- ■' ,, 

rat advantages centering ribs (which are supported byoft-sets m the masonry 
of thi.s general th6.'front of the ^hutment) placed upon iproper wedges ; 
pioces^ the rest of the centering to be ea?ed at the same time by means 
of the chain bars. Thus, the -uitherto dangerous operations of 


procesj^ 


■*str*king 
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iking the centering, will rendered grndnal, afed perfectly ' 
safe: insomuch, that this new mode of suspending the 
centering instead of supporting it from below, may, perhaps, 
hereafter be adopted as an improvement in constructing iron 
bridges, even in places not circumstanced as are the Menai 
Straits. Although the span of the arch is unnsunil)^gfeat, yet, 
by using iron as a material, the weight upon the centre, W'hen 
compared with large stone arches, is very small; taking the 
mere arch stones of the centre arch of Blackfriars bridge at 
150 X 43 X 5 equal to 33,540 cubic feet of stone, it amounts to 
2,236 tons, whereas the whole of the iron-work in the main 
ribs, cross-plates and ties, and grated covering plates, that is to 
say, all that is lying on the centering at the time it is to ba 
eased, weighs only 1,791 tons ; it is true, that from the flatness 
of the iron arch, if left unguarded, a great proportion of this 
weight would rest upon the centering j but this is counter¬ 
balanced by the operation of the iron tics in the abutments, 
and wholly commanded by the suspending chaid-bars. 

When the main iron ribs have been completed, the next step intermediate 
is to proceed with the iron supporters of the roadway ; and 
these, instead of being constructed in the form of circles, or iiamcil tvian- 
tbat of perpendicular pillars, as hitherto, are here a series of . 
triangles, thu:;} including the true line of bearing. These 
triangles are, of course presen'cd in a vertical plane by cross 
tiesaftd braces : iron bearers are supported by these triangles, 
and upon the bearers are laid the covering plates under the road¬ 
way, which in^ead of being solid are (in order to lessen the 
weight) proposed to be reticulated. 

If I have throughout this ver^ succinct description, made 
myself understood, it will 1 think be admitted, that the con¬ 
structing a single arch acfoss the Menai, Is not only a very 
practicable but a very siqpple operation j and that it is rendered 
so, chiefly by adopting the mode of working ^rom each abut¬ 
ment, without at all interfering witli the tideway. 
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Wind 

Max. 

Min. 

Med. 


VI in. 

Med. 

Evap. 

Rain 

2d Mo- 










Feb. 22 

s vv 

29 BO 

2969 

29 745 

57 

41 

490 



23:N W 

30 03 

2g.so 

29915 

45 

35 

40 0 

—— 


24 

w 

30* 14 

30-03 

30-085 

49 

J2 

40 5 



25’S W 

30 13| 29 83 

29-980 

50 

33 

42 5 


071 

26, S W 

29-90 

29-70 

29 8ai 

52 

35 

43 5 

0 50 

8 

27 iN W 

30-33 

2990 

30 115 

46 

32 

390 



2b 

N W 

30 36 

. 30 30 

30*330 

50 

34 

42 0 

0 23 


Sd Mo. 










March J 

s w 

30 30 

30 20 

30250 

51 

39 

4.00 



2S W 

30 20 

3002 

30 110 47 

35 

41-0 



3 

Var. 

30-33 

3002 

30 175 

52 

32 

43 0 



4 

S W 

30 33 

30 20 

30 265 

51 

30' 

43 5 

-- 

6 

5 

W 

30-34 

•30 20 

30 270; 



, - 


6 

W 

30 40 

30 34 

30370! 53 

35 

44 0 



7 

N W 

30 40 

30 30 

30 350 

49 

39 

44 0 



8 

N W 

30 30 

30T10 

30 250 

54 

43 

4bV) 

■' '*■'■- ■ 


9 

N W 

30 20 

2989 

30-045 

j 52 

36 

44 0 

0-56 


10 

E 

. 29-96 

29-89 

29‘925| 42 

26 

34 0 


0 12 

]] 

N E 

30-21 

i 2996 

; 30 085 

39 

24 

31 5 



12 

N E 

30-27 

30 21 

.30240: 37 

24 

.30 5 



13 N ^ 

30-27 

30 20 

30-235 

40 

29 

34-5 



14iS W 

30 20' 30-10' 30 1.50 

47 

40 

43 5 

0 19 


15iS W 

30-18 

30 10 

30-140 

53 

43 

48 0 



la 

Var, 

30-18 

3009' 30 135 

51 

32 

41-5 



i7;n t 

30(19 

2996 30 025 

56 

32 

44 0 



18 N W 

29 96 

2996, 29960, 58 

36 

47 0 



59 

E 

29 96 29 78 

29-870 58 

40 

490 



20, S M 

! 2996 

29781 26 870 56 

H 

45 5 


0*14 

21 

S V 

2990 29-8.1,' 29900 

53 

42 

47 5 

0 31 

0 

22 

s w 

30 25 

29 96 30 105 

! 55 

33 

44 0 



23 

N V 

30 30 

30 28 

30 i;o 

! 50 

34 

42 0 



24 

w 

30-28 

2998 

1 30 130 

47 

.^9 

43 0 

018 

0 35 


J 

30 40 

29-69 

’ 30 109! 58 

24 

42 50 

1-97 

. 


The observation* in each of the table apply to a period of twenty-four faoiir*, 
beginning at 9 M. on the day indicated in th^ nrst column. A dash denotes, lliat 
the result is included in the next following observation. 
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, REMARKS. 

Svcond Month. 24. Hoar frost, .About . 6 , .fi, JP 5 U.ft.very dark 
c]oud came over, lowering with an arched base, as before thun* 
der, and preseiiily discharged a shower of large hail and rain, 
which was accompanied with a cold wind. 25. Fair, a. m. 
W'ei and windy p. ni. and night. 26 . The same. 2 /. Cirrus^ 
curnuluSf and cirrostratus clouds appeared together : much 
wind : about / , p. m. wind N.' W. A brigl;^ meteor passed 
from the zenith towards the N. declining a little westwards. 
28. Clear morning ; wind moderate. 

Third Month, i. Hoar frost, fair. 2 . 3. Light showers. A 
Nimbus appeared S. of the setting sun in the 3d. which went 
a way Southward. 9 . Light showers. 10 . a. m. sleet. At 
sunset, a Cumuloslratus, with a snowy appearance : some 
haiUballs in the night. 11 . A Nimbus was p^rcepubte by 7* 
a. m. forming in the N. E. There were some heavy (though 
transient) squalls of snow during the day. Abundance of 
snow fell, on this and the following night, to tiie Southward, 
extending as far as the coast of France. 


RESULTS. 

Prevailing winds Westerly, with a marked iuterrnption by a current 
from the N. E. occasioning snow about the middle of the period. 

Raronictcr : greatest observed height, S0‘4(» in.; least k9'69 in. 
Mean of period :i0'109 inches. 

Thermometer ^ greatest height .* 78 ° ; least 24-“; 

Mean of the period, 42*50®. 

Evaporation 1*97 in. Rain, &c. 1*46 in. 

L. UPWARD. 


Tottenhaw, 
Thiid 31onthf S.i, 1813. 



SHOOTING STARS 


III. 

Note hy Luke HowAnp, "Exq. on the Meteors commonly called 
Shooting or Fm'fins stars, in reference to the Letter ftom 
John Farcy, Sen. VoL XXXIV. p. 298 . 

T he name of fa!ling^star appears to me to have beeq 
applied to t ese meteors, in coiwe«:jut‘r!cp of their being 
observed to descend from the place nt iheir first appearance 
towards the Iiorizon. 'I his is their usual apparent motion, the 
exceptions, found in large meteors, traversing a great extent of 
horizontal space, may possibly admit of an explanatioti which 
should reduce the whole to the class of fallitig bodies, or of 
projectiles analogous to'the sky-mcket ; not that I suppose any 
consider ib^e proportion of them to reach the earth in a state of 
aggregation, :.ui rather that they are commonly dissipated in the 
lower atmosphere 

JVty observations on these phenomena have not hitherto had 
the advantage of previous concert with another observer at a 
distance; but, sucli as they are, they tend unequivocally to the 
concla''ion, that igneous meteors in general behmg to our own 
atmosphere ; and come under the class of effects whicb wc call 
electrical. Should John Farey, Sen. or B. Bevan, be willing to 
favour us, and the public, with the detail of their observations 
made in concert on meteors, they may be gratified in turn with 
the reasons on which this conclusion is founded. 

L. HOWARD. 

Tottenham, 

Fourth Month 10^*1813. 


Femirhs 
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Iv. “ 

Remarks and Elucidations of the Methods of Computation used 
by the American Boy, Ztrah Colburn. In a Letter from 
Mr. S. Ellis. 


To Mr. Nicholson. 


^ SIR, 

T he communications of tbe Philosophical Journal show, On numerical 
that many persons have not a notion of ^ny fixed rule by computations, 
which the calculating boy conducts his arithmetical operations, ijfo^e'jl^crforin* 
Bui I cannot accede to the opinion of those gentlemen who eJ by ZiCol* 
suppose that iheptocess is unknown to the most intelligent of 
our great mathematicians. It is probably comprehended by 
them all ; though an explanation of it has not yet been pre¬ 
sented to the public. Tbe learned and .scientific cannot devote 
their days to tbe developement of subjects merely curious, 
and not possessing any claim to utility. Their pnrsuits are 
directed to objects of more importance j and tbe computing 
boy had not to apprehend, that any celebrated mathematiciau 
would take tbe trouble to invalidate bis pretensions to a rule, 
distinguished only by a novelty of application, but having no 
greaPnovelty of character, and no character of utility. The 
humility of my talents excluding me from all avocations of 
real consequeppe, I shall endeavour to explain those numerical 
operations which have failed to excite the investigations of the 
more capable and proficient. 

Every one will readily concede to the young calculator his 
just portion of merit. The mental qualities essential to a good 
memory w'ere native and his own; his original faculties of 
comprehension may have been nncommdhly vigorous and 
acute j and the disj^iiguishing habits of his infancy may have 
reflected indications of an intellect peculiarly susceptible of 
that mechanical intelligetfce, which has been communicated to 
him at tbjs early period of life. The leading facilities to extra- 
ordiiAry attainihents, were, perhaps, spontaneously exhiliited ; 
and tbe singular direction that has been given to his juvenile 
studies, evinces the confidenci which was entertained of his 
^ intel- 
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Oh nnmrrh al intellectual' competency to execute the instructions of liis 

tU»%c peifwim- It will be proper* to separate the consideranon of the boy* 
hilii^ from the examination of his studies j and 1 shall hope, that a 

concise inquiry into these will not be erroneously denontinated 
a personal severity against the studciH. 

The attention of the infant mind is invariably excited by 
sensible objects around it. Any thing that pleases the eye, or 
that delights the ear, may engage the spontaneous preference 
of a child ; and the feelings havi'ig been once peculiarly 
roused by a favourite object, tlie momentary charm may ripen 
kito a permanent attachment, and all the faculties of the 
understanding become gradually absorbed by the contemplation 
of that object a:one. In the property of numbers there is not 
any thing which can appeal to the untutored senses. Every 
thing is recondite and imperceptible. Numbers are themselves 
artificial, the slow production of very great men, who bad 
real occasion for extensive and intricate combinations. It w'ns 
a conviction of their utility that stimulated Genius to invent 
tliem; and not any quality in themselves to allure and gratify 
the senses. The first contemplation of numbers is unpleasant 
and irksome ; and much laborious application is necessary lo 
produce even an idea of those latent properties «<vhicb render 
them so eminently useful. All the qualities of numbers are 
precisely the reverse of those which are known to operate 
attractively on the infant mind ; and the statement is not cre¬ 
dible, that the young calculator has derived his qiodes of com¬ 
putation from the, unassisted efiForts of bis native faculties. 
He has certainly been assiduously instructed in the limited use 
of figures ; and his wlrole knowledge .of them is probably 
derived from that instruction. In /he supposed metltods of 
calculatioti, there will be found very little of the ingenious or 
the novel} but there is ingenuity and novelty in exhibiting their 
efiects to the world as the natural fruits ungrafted genius, 
or the voluntary attaiirments of an uneducated child. To 
esiiiuatc following explanations, IV will be requisite to bear 
in reculleciioD a few relative circumstances } viz. that in the 
scienc§«of analysis, evpry operation seems dif£cult and*comT 
plex till maturely cumprebended ; and that the demonstration 

f of 
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of a tiusorem has more: t}^ appearance of iotrfCacy ibao the Qo smnerieal 
rule resulting from it will be found to possess, in practice. 

The inodes of multiplying four figures by four, and of ex* thosf? 
tracting the square and cube roots, are all of them founded 
upon the principles of involution and evolution} and by these 
shall my proceedings be governed. In wiiat way the factors 
are discovered, which enter into the composition of a large 
numerical quantity, and by what rule prime numbers are as¬ 
certained, ! shall not pretend to examine. Upon this subject, 
and indeed upon all others connected with the more important 
properties of numbers, much valuable instruction may be ob« 
taiued from the elaborate elements of the ingenious Mr. Bar- 
low. 

V To square 7(i54 by the common rule, without recording the 
several operations, would require a memory more perfect than 
the human faculties are generally thought capable of attaining; 
although, by a peculiar discipline from infancy, the memory is 
capable of beit^ improved to a degree of extraordinary reten¬ 
tion. The calculating boy is a surprising evidence of this 
fact j and it becomes a reasonable purpose to search for those 
expedients which can lead bis efforts with most ease to the 
accoroplbhmerit of bis daily exhibitions. Even with the as¬ 
sistance of #11 artificial aids, bis occupations demand a very 
cultivated and retentive memory ; but, as some fixed rules are 
positively used by every calculator, whose results are uniformly 
correct, we have only to discover those which have the fairest 
character of tympiicity, ahd consider them a^ his guides. 

To establish the probability, that the subsequent methods of 
calculation resemble those which have been prescribed to the 
computing boy, 1 shall mention a few peculiarities that cha¬ 
racterize the operations. •The young calculator can evolve the 
cube root of twelve jSgures, where only four of them are 
ma4e known ; he can detect an imperfe^ cube, and tell (he 
nearest root to the Quantity given. These three singularities 
belong to ibe following rules. The multiplication of four 
numbers into each oth.r, and the extraction of 4he square 
and cube roots are conducted upon principles exSctl^ jsimilar, 
which similarity diminishes the appticatioii requisite n> under¬ 
stand them, and Imposes upon the memory less efforts of reten* 

• tiveness. 
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On mnnerfeal Uveness than if the principles wep essentially different in all 
*par!lwWajiy**’ various operations. 

those perforin- The same letters shall be used in all the calculations^ that 
hurn^ similarity of these may be rendered more perceptible j and 

I shall, therefore, in multiplying four hguies by four, employ 
only a single set. Those who wish to pursue the method more 
in (ktail, can readily change the letters of one line, and by 
that naanner arrive at the desired variation of the rule. 

7654 multiplied by 7^54 = 58,583,716. 


Produce the square of 4 = ^ i ^ 

Add twice 5 x^.. 40 

411 

The square of 5. 251 

29 

Twice 6x4. 48 

Twice 7x4.56| 

63 

Twice 6x5.... 60 


1213 '' 
36| 

48 

70 

11 

84 


The square of 7 



58,583,716. 


The square of 6 
Twice 7x5 .... 
Twice7x6 .... 


Another 












COMPUTATIONS OT Z. COLBUKN* 


IS 


jinotKh- Method. 


Produce 765 x 4. 3060 

Add 76 X 5.38 


On mnMto’ioO. 


tliosep«rfetin» 
ed by Z. Col* 
buru. 


Double this sum 


41000 


82,1,20 

Add the square of 4.. 16 

square of 5. 25 

square of 6. 36 

—— • 

11.83716 

. Twice 7x6. 8,4 

Square of 7 . ‘^9 


58-583 716 

As far as the functions of the memory are regarded, the 
advantages of the rules exhibited will be obvious without 
much explanation. There need be only two lines of two 
figures produced and added together in any one term. The 
right-hand numbers dashed off, constitute the quantity required, 
and the proper disposal of the successive additions will become 
perfectly en'^y by a very little practice. Let t« represent 7 , 
n Q,p 5, and q 4 ; connectedly with their local values ; then 
+ ^ multiplied by wiiyiroduce 

+ 2 m « + 2 OT p-l-n*+2 n />+2 ot q+2 n ^+p*+2/» q'^q* 
Therefore the square of OT+w+p+</, or of 7654, is as tbllows : 


7/1® = 

49 000-000 

2»77t , .. 

8-400 000 

2 mp .. ?, .. 

700000 

r*' •« 

360 000, 

2np . 

60000 

2 7nq . 

56000 

2nq . 

4-800 


2-500 

PH . 

400 

.1,. 

16 


58,583,716 


An 

















14 


COMPtrTATIONS OF Z. COLBURN. 


J6n* mmifrieat Atk illustration Is liere afforded f f the combinations by which 

the product arises from two quantities muHiplied into each 
^ose perform- other; and a famiriar acquaintance whh the preceding rules 
ed by Z. Col- ^jjj render the extraction of the square root a process of easy 
attainment. 


To find the square root of 

58-58*37 

Deduct tbe square of tbe first root 7 

=49 


95 

Deduct twice 7x6=84; and 


6 *—3,6—say. 

.. 87 


8 

Deduct twice 76 X5, say 13x5 . 

.' 75 


5 

Again, the same divisor, 15x4 .... 

.. 6,0 


As the last root is known to be a 4 or a 6 , it must obviously 
be 4, which gives the nearest product to the quantity wanted. 
If the second 8 had been operated upon, the 4 would have 
been produced correctly : but, to shorten the calculations, this 
nicety may be omitted. 

The more full explanation is the following r 

1 . Deduct the square of the first root, 7 . 

2 . Multiply tw 0 e the first root by the number, which will 
bring the product nearest to the term brought down ; sqnare 
also the assumed number ; subtract the two sums from the 
dividend. The new quotient, 6 , will be the second root. 

3. Then twice the first and second toots (placed in their 
local order thus 76 ) must be tnuftiplied by tbe number that 
will raise them nearest to the remaindet of tbe last dividend, 
considered in its local value. This new factor, 5, will be the 
third root. 

4 . Again, twice the first and sccood^roots, 76 , multiplied by 
thenumbe^which will produce a quantity nearest to tbe remain'* 
ing dividend, will shew tbe fourth foot, 4 . 

It is ohly in the operation, where the second root is found,' 
that any nicety is required. Th^e multiplier (of twice tbe first 
root) may occasionally be assumed an unit too much | the 

error. 
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eiTor, whenever it can happen, becomes immediately obvious ; On 

and, by taking the relative quotient a single unit less than the 

fallacious multiplier, the second root will be always obtained tnuxe pcrltiim' 

coirectly. This incident may unfrequenily retard the calcnla- *‘*^*^y 

tion for a naoment; but ought never to defeat the accuracy of 

the final result. 


Example. 


Square 

59 05 92 25 

Deduct square of the first root 7 

49 


lOG 

Twice lip first root, 7 x (5 = 84 


Square of 6 36 

87 


13 

T\vice the first and second roots 76 x 8 

#ay 15 X 8 12 < 


5 must be the fourth root, without any trial, 7O86 is therefore 
found to be thei^ooi of the given square. In the second opera¬ 
tion twice 7 will go 7 times in lOO, which is the case of nicety 
alludedto ; but it must be instantly perceived that the square 
of 7 added to 98 would raise tiie sum loo high for the dividend 
of 100; ihei'efore, the next lower digit is adopted; and the 
very first substitute will always be right, as the same divisorjs 
employed in the third and fourth operations (where both are 
aecessary) the work is completed with expedition and accuracy. 
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On fmmerical: 
cdBtputfttTonii, 

particularly The square of m-l-» +p + o, or 7654, is 58-58 • 37‘ 16 
th[4$e perform* ;«* 

ed by 2. Col- 

bum. ——. 

053 

Deduct 2 TO M + »* - - - 876 


Practical illustrations of ike rule. 

i58' 

49 


82 

Deduct 2 (m-^n) q - - - 76 

637 

Deduct 2 (;»-|-n) g- - - - - 6 O 8 


The root is already found j but to pro*'-- 
correctness, deduct - > > • 


29 


25 


Deduct 2p q 


410 

400 


Deduct r/® 


16 

16 


The involution and evolution of similar numbers have only 
this ditTerence j one process consists of repeated^multiplications 
and additions ; the other cbitfiy of multiplications and subtrac¬ 
tions. One extends the length of a chain, by adding'link to 
link in progressive order; the other diminishes the length, 
detaching link from link by retrocessive reductions. 

To extract the cube root of - - 448 399'762'264 
Deduct the cube of the first root 7 “343 

,105 

Deduct 3 times^® say 15 and 3 times, 

7 X ,6 say 1,2—say 16 x 6 . - . - - 96 

9 

Deduct. 1,2 (already found) x,5—jfiiOand 
the Cuba of ,6 say ,2 - - - - - - ,8 

8,2 

Deduct 1 6 (already founi5) x ,5 - - - 80 


The 
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4 * 

The unit figure of the cube being valued by intj^ction, the On tinmerir^l 
root is already found to be 765^. partfcSJ^ * 

Explanation 1st. Use only three figures of the cube j often tliose ^rtorm* 
two will be sufficient The first root is known by inspection, 
and subtract its cube from the left-hand period. 

2d. Then the second root is to be assumed as correctly as the 
judgment can guess, taking it rather abo\'c than behjw the real 
value ; precision is not required, and very little practice will 
make this part of the process quite easy. Multiply the assumed 
figure by the first root • add the product to the square of the 
first root ; and three limcj this last sum must b>* multiplied by 
the minober that v ili bring it nearest to the remaining dividend. 

This !:!■!< factor \ ill be the second roor. 

3tl. Deduct three times the product of the first and second 
roots multiplied by nn assumed figure that you may conceive to 
bet’s next root wanted; ftnd deduct a,lso the cube of the 
second root. In thl!. stege. the divisor, which has been used in 
theseco.iu (‘peration (thtrf; found lobe l(i) will give the third 
root correctly. 

The fourth root is known bv inspection. The cube of the 
second root may be neglected in most cases; and always when 
the root is below 5 ; only the left-hand figure of the cube is 
required. 

After a liitTe exercise, all the divi.sors are readily found ; 
becau^ each of them has been obtained in the second opera<' 
tion, and there becomes known. Ihe chief difficulty attends 
the explanation, to render the process intelligible. 

IIlustration of the rule. 

Cube of m + n+p + ^—or of yG54. = 448‘399*762'264 
Deduct w* ------- 343 


Deduct 3 (rn^-^nin) n 
Deduct 3 mn p ai^ 
^DcSqpt ») p 


105 

95^700 

9639 

- 846 


8 793 .' ,, , 
7 980 


813 762-264 

Th« 
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COUPVTA^TiaNS OF Z, COLBURN. 


On numerical 
computations; 
particularly 
those perform- 
ea by Z. Col¬ 
burn. 


The root 7654 is already founds as the fourth root is knowq 
by inspection ; but, to prove correctness. 


Deduct i m'^q 


588 


6ninf/ 

- - 100-8 

3 n®/>- 

- - - 54*0 

3 mp* 

- 52-5 

6 mp q 

1 

• 

• 

cc 

3 n^q 

- - - 4-32 

3 m q- 

- -330 

3 np* 

- 4-500 

a n p q 

- 720 

p3 

- - 125 

Sp'^q 

- - 30 

3 n 7 * 

28- 

3 p 

2 

q* 

- - - ( 


004 


— 8J3 702-204 


It will be perceived that, in multiplying four figures by four, 
and in extracting roots, the rules arc derived from the same 
property of numbers; and rfny person, who can accomplish 
the first operation, may be qualified in a day to effect the otlier 
two. 

1 am inclined to believe, that the preceding methods are 
employed by the calculating boy ; and that he has attained 
them exclusively from the laborious and instruct!^ attentions 
of a preceptor. To learn, and .o apply them, does not require 
faculties more intelligent than those which a.e exhibited by 
other children in the kingdom. The combination of W’ords, in 
the most simple language, is fifty times more complex 3 and so 
is the modulation of varied tones,' which express the several 
feelings; yet these things arc mechanical; and every child 
attains them by observation and practice, without knowing the 
scieiiiitic rules by which his expressions are regulated, if thR 
proper instruction is early communicated to the infant mind, 
the use of figures may be gradually gendered as familiar as the 
leUers of ilie alphabet, or the words of a vocabulary, 

I conclude, agreeably to my preceding sentiment'?, that the 
capabititieS of the cakulating boy are not the indigenous shoots 
of uniimoculateJ genius, .but^ the slowly niiatured fruits of 

instriiction 
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instraction and prescribed liabMs of exercise. Tbe exhibition 
of them is, however, novel and interesting, and wonderful in a 
chUd. 

S. ELLIS. 

Ldndont 

April \Ath, 1813. 


V. 

'On thi'. Formation of the Seeds of Plants, and other Objects, rela~ 
iive to their* Structure. In a Letter from Mrs, Agues 
laaETSON. 


To Mr. Nichohon. 


Sl«, 


'T HAVE now to announce one of the greatest discoveries I Discovery an- 
.J. have yet made 'n I’hytology j one, likely also to approxi-”*****^'''*‘^‘ 
male us so ritvijly lo the true delineation of the general forma¬ 
tion of the vogelauh' world, as at last (I flatter myself) to leave 
no doubt in 4hc minds of the most incredulous j for, in this 
case, to Lnk is to Jind, and those who will labour with me, by 
pursuing the same path, and dissecting the same specimens, will 
receive the same gratification, in the conviction of these im¬ 
portant truths. They require onl/ habit, good eyes, and bistru- 
ments, to behold them, and tome ability in dissecting, to be 
satisfied of the reality of all I have shewn. To prove the his¬ 
tory of botany, by means of dissection, is, indeed, an important 
and difficult process; as it i^ only by degrees the whole can be 
developed j many mistakes will inevitably occur. But, if the 
gener^ foundation of ih# arrangement is but Acknowledged to datious. 
be just and true, weshall ai^terwards, by dissection, easily manage 
the minor parts : finishing them alternately in a more perfect 
style, till the whole fornflfe one grand display of naiutje, orga¬ 
nized by Xh^ power divine, and shewing and con^ 

sistencim, \^hich iis arrangements alone c|in plan ; his tglsdom 
alone can produce. It is to this exactitude of delineation 1 
trusted i I was well assured, 1 deviated not from what 

dissection 
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Formation of 
Hi't’ds in tlie 
root- 


Thio'*; 5 U lu'r- 

bacc^iis 

plant.^. 


Difficnlty of 
iindorstandini? 
the albiiraiim. 


dissection {.resented to tre, neilljer nor adding of 

wy own ; I might with perfect security depend, that all would 
pgree at last; all assimilate together, an^l form one grand pic¬ 
ture, astonisliing as beautiful. 

This last discovery, from linking all the divisions, perfects 
the foundation j and though, in some few parts, it may, at first, 
apix-ar rather complicated, yet, in the general review, there is 
a beautiful simplicity, that makes all plain and easy to be 
understood. 

The discovery I have to announce, is the formation of seeds 
in the root; for it is a certain truth, that, from the wheat to the 
cedar, from iho mois to (be largest forest tree, all plants form 
their seeds in the root only. When I say the seed, I mean 
only that essential drop which joins to the vital string, and 
forms the essence of the seed ; and afterwards composes tlie 
ehi<if part of ihe corcalum. Almost thirteen years of the most 
Intense application, devoted to the dissection of plants, must 
have given me some insight into ihcir formation ; especially as 
1 have made it a rule never to terminate with a plant, till X have 
exposed every part (every different vessel) to examination, in 
the sol.ar or double compound nticroscope. And yet one matter 
has all that time pu^tzled me in such a manner, that but for the 
regular gradation by which I have been led up to it, {hrough 
the herbaceous plants, I should, never probably, have been able 
to solve the mystery. The finding these balls in the alburnum 
vessels now and then, and their complefe disappearance, as spon 
as I began generally to seek them, convinced me that it was a 
disorder or a criptogamia. But, when dissecting herbaceous 
roots, I foxxxiA Jlowcrs as well as seeds in them ; and that the 
pollen was not arranged in their cases, or even made into balls, 
till it arrived at the top of the plant. 1 then began to conjec¬ 
ture, whether the seeds also mighj, not be formed separate, and 
be the very balls J had so often found m the atburnumj on 
longitudinal vessels. But I was still resolved, not even to bint 
at the fact, till I bad watched two or three seasons to ascertain 
it, and to prevent the possibility of rnistake: this I have now 
done, and^ can announce the discovery with the most perfect 
conviction. The flow of the sap in the alburnum vesoiels. brings 
tbe seeds twice each ^ear, at the barking time, from the root; 
^for this is the season in which |be new row of wood is formed,) 

,an<l 
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abd tliat the bark retires back the purpose^ as I sliowed in a 
ibrnier K*tter. Whether the bark is pushed back by the violence 
of the rising sap, (which 1 am inclined to think,) or that it 
retires back of itself, the effect is still the same. The sap rises 
between the two cylinders of the wood and bnik, but 1 must 
observe, that this process is wholly separate from the usual flow 
of the sap in the wood, and belongs to the oZ/urnum vessels 
only. The liquid is not wholly ZooiC5 vessels, composed of a 
narrow-twisted band, produce the cslerior of the cylinder, and 
this is the cause of the various changes observed in the appear¬ 
ance of ti'.e alburnum : soinetinjes it looks lik ; tiles laid on 
each other} sometimes like a twisted vessel, Taid almost fiat } 
but each varying form is owing to theprw.vurt* // the sap on the 
divided foldings of this curled ribbon. It must be remembered, 
that it is a vessel within a vacancy | tl^ercfore, the sap is doubly 
secure : but this very circumstance causes the jelly-like matter 
to assume folds and creases, dilficult to understand, till the cause 
is known. When the sap has, in Us liquid stale, deposited all the 
seeds, and lodged them in the buds, then by degrees having 
cleared itself of them, it coagulates, and becomes a jelly. In 
this state it remains all the winter, and when the spring arrives, 
and the balk begins to retire, the bud of the preceding year 
completes itself, by forming iu calyx and flower stalk, winch it 
never does till the seeefs have entered the corolla. But before 
the dower developcs, another process takes j>hice, which I 
might also announce as a late discovery, having only hinlcd at 
it before. It is^the producing the pollen. When the corolla'n.e forming 
is in its cradle, the cases of the stamen are there, but no polh n. tin* pollen. 
The powder of the males is formed by some mixture, which 
requires the dews lo pet feet it, some litjuid from above, which 
is deposited on the top of tjje'plant, conveyed into the interior 
by the hairs, and thus comniwnicaied to the higlier juices. Take 
a branch of any tree, before it flowers, wheif the buds aic still 
at the bottom of the peduncle, and cut open the whole, dividing 
it down the middle, and a yellow matter will be tonnd at the 
top of the wood, where life pith stops, whose tainted a^ipearaiice 
indicates something extraordinary j place a very thin slice of 
this iirthe solar«mici oscope, and the yellow matter wi!J fee dis¬ 
covered to be the pollen, protruding \\\ a distinct manner ; nor 
is this all s the flowers, after b^ng aggregated, begin to divide, 

then 
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then the pnllen is seen separating, and running throagh thp 
pith into each flower, and thus attaining^ the stamen, as the 
seeds do through the alburnum ; but the Ailing the stamen cases 
Both seeds is always the last piocess. Thus both seeds and pollen are form,ed 
and ^ out of their cases, and yet they will all rise together to the deve- 

their cases. lopement of the flower, with tiie same admirable precision. It 
is only watching year after year, and continual dissections, that 
could have tl^s by degrees enabled me to discover every part of 
this complicated Jormationf but the many thousands .of plants 1 
have investigated this year only^ and the excessive labour I have 
gone through, did, perhaps, merit some recompeuce, and I am 
most thoroughly repaid by the certainty of the acknowledged 
fact. 

No seeds in In trees I have not yet been able to trace the seeds lower 
the top root id t)jg roQi^ and not, as in herbaceous plants, in the strings. 

I showed in a former letter, that in the under part of the root of 
trees, a quantity of alburnum was laid up for future nourish* 
roent; but the seeds are found in one line only of this matter. 
I have never yet been able to trace tiiem in the top root; in* 
deed, if ever found there, it is difliciilt to catch the proper mo* 
ment of seeing them ; because, when the sap is quite liquid, it 
escapes, and the seeds with it, and it is only when it begins to 
fui in a jelly round the remaining seeds, that they can tho* 
roughly discerned and examined. Bttt, in herbaceous plants, 
indeed in all that rise eacli year from tiie earth, the seedstpre to 
be found at most times, and exhibit themselves in so very con¬ 
spicuous a manner, that no person who will seek them can 
doubt their identity. 

|n order perfectly to explain the process, (tlmugh I cannot 
do it without some repetitious recounted in former letters,) yet 
I will venture, for the thorough elucidation of the whole, to 
One year’s give a complete history of the formation and progress of a tree 
growth of a for one year, an^ as in this respect there are but two sorta of 
' growth, the stem that does nqt lie down in the winter, and the 
stem (hat does ; and that the ibrraer embraces trees, shrubs,and 
setni-shrubsj and the latter, all planl^that rise each year frona 
the earth.* By giving the life of a tree for one ye.ir, and that of 
an hetjb^cedus plant for the same time, 1 shall ^bow, in a^small 
comparf, the whole prtjgress of botanical vegetation. Tlie first 
p^cfss ID a tr^ is the formaliop of the flower bud on the Un^ 
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•f life. The vital part of a rfree is that cylitider'of vessels, 

which liesbetweett the wood and the pith. This is the most The line of life. 

important set of vessels in a plant, is that which in the alburnum hn- 

* * DorcsDi vessel 

ties the seeds together, and which former authors have called * 

by the name of the impregnating duct, when appearing in 
the seed- It is always the source from which proceeds every 
important part of a plant, seeds, buds, and radicles. . When the 
flower is first engendered next the pith, it is by means of a knot 
on this line^ nearest to where it is to appear on the stem. A 
quantity of alburnum is then formed round it, the knot is 
broken, a bud shoots at each end, and the wood is prepared 
from within the plant, for the exit of the buds, liy raising some 
vessels, and depressing others, and thus forming a covered way 
in the wood, through which they pass across this apparently Buds passing 
bard and close matter, till they reach the cradle, already formed 
in the bark, for their reception, being that screw before de¬ 
scribed. It is scarcely possible to conceive a mqre beautiful and 
wonderful process, or one more easily comprehended. It re¬ 
quires only stripping off the rind and bark from any branch of a 
tree, from February to May, and loads of buds will present 
themselves. How it could escape the observation of botanists 
to this time, appears to me to be an enigma. When all this is 
complqled, aniil the bud is lodged in the screw, it there remains 
till (he general flow of the sap brings with it the seeds, when it 
has inPits liquid state deposited them in the various buds, then 
by degrees, having cleared itself of them, it coagulates, and be¬ 
comes a jelly. In this state it remains all the winter, and when Hrmains «H 
spring approaches, the flowers, which were now aggregated and die winter. 
en masse, separate, and each forms its calyx and flower stalk, 
which it never does, till the seeds have entered the coroiia. 

When the flower has expanded, the liquid in the line of life 
dilates, and fills both nectarries, and rises each day, at the Filling the 
greatq^t heat, to the top bf the pistil, and desctSnds again within “*^taries. 
the tube, yrhen the cold returns, till the pollen is ripe. At last 
the pistil receives the powder, and its juice dissolves it, carrying 
the mixed liquid down tfle cylinder to the heart of each seed, 
through that very pipe by which the seeds Vt’ere tjed in the 
alburnam.* Tb« seedy or rather that drop of jelly that pro¬ 
ceeded from the root, that clear and vital drop, which, with the 
string, forms the life of the see^ Is now in its first and original 

state $ 



FOBMATIOK CKT SBiCDf. 


butW sooner do tbejmcfvof thostambn 4nd pistil ttie^ 
and totiob ibis vessel, than ihecoiculum begih)^ to grow, 
ks progreiis from lhat mument is rapid. The next process iS tbt$ 
flowing of the juice» of the nectary, wbich,form various tempo¬ 
rary vessels, running into the seed, while they still contihUtir 
joined to the flowers { but, as soon as divided from it, the notW 
lishing vessels, alrea iy thoroughly flllod, enter the seetls from 
the bark, andffo'm, with a pan of tire interior before composecF, 
a milk to supp)ort the young plant. Tbeli the Cotyledonetf 
begin to grow j but, so far are ihey from being capable bf‘ 
affording aliment to the embryo, that they ilremselvcs requite 
more nutn lion \iian any other part oi the plant; nor would 
tliey, in case of bestowing nutriment, lliil to deeic-asc, as the 
spMJt in tfie seed does, W'hicb, from yielding so much mailer, be¬ 
comes a circular vacancy ; whereas, the cotyledones are pecu¬ 
liarly plump and thick to the last tnoiriont. But it is certainly 
H mistake to suppose they nourish the embryo, for as long as the- 
seed defers opening, (on account of cold, or any other cause), 
Cotyledoncs cotyledones increase in number ; in a walnut I have found 
jincreasi'in from three to nine, and though, because lying in a case, iiV 

number. lyhich the two projecting ones alone can appear, it has beefi 

thought to ha\e only two, yet if the box is opened, many more 
may be seen attached to it, and growing from it. fOn onC 
couldlutiiiire Jessteu’s plan more than myself; it bad, indeed; 
bttt one fault,—the not being true. When the cotyledoilfes are 
completed, the embryo strong and firm, and the heart tho¬ 
roughly arranged, the radicle, or rather the root, begins td’ 
grow, but not till after the seed is again placed in the giouud. 
This addition, by overfilling (be seed, quickly bursts it at (be 
top, and the root shoots out, turning downwards, endeavours to 
reach (he earth, which it quickly does ; while (he embryo 
coming forth at the same place in the <>eed, rises into a stalk, 
fomafionof developes itsdeaves j iben^the flower bud of the nexfyear 
*»iids of begins again to form on the line of life, and when the flow of 
^ nex year. taken place, lodged the seeds in the new buds; 

where they will remain the winter, ahd the flowers of the pre¬ 
sent year hfive expanded j the stem begins to prepare fl}r the 
shoot b|[*the next year, by the formation of tliose scrCWs in 
wsbreh the buds of the ensuing season' tbke refuge, and remain 
^ Ihck aiiotted time, each in ite crindte. Thb scfew fdf ms one shoot 

between 



-betiNrfttfti t»o(] ail'd bud,: fot tluijidfflw out between ^acb^ Hke a 
tele«co{)e> and tbi^ complete by Jei^reedT ihetr preparation for 
the foUowing year. Tbe screw appears to be that species of 
formation wRk;h Nature adopts oii every important occasion^ 
iti b&la, as I shall show when delineating the herbaceous plants. 

1 have now depictet^he whole dissection of plants, that do not 
lie down in tbe winter ; 1 shall next explain the formation of 
those which do, and which rise each year from life earth. They Tj-’o^nniicni of 
are so difh?rent fiom trees, that nature appears to have formed tiio hfi-ba- 
tbem in a contrary mould j since the laboratory of trees is at 
th& bottom of the dower stalk, but in herbaceous plants at thii 
lower part of the root. Here not only seeds, but flowers also, are , 
composed, and every decoction necessaiy to their production. 

As tlie corolla Sod stamen cases are botli formed of the wood, 
lio other juices being approximated sufficiently lor the purpose. 

The calyx and peduncle are not made till the flower reaches the 
screw or axilla of the leaves, where (he juices t/f the inner batk 
can attain them, to produce the green part of the dower, and the 
pollen is formed by the addition of the dew, as in trees. If a 
plant is taken, when only six or eight inches high, (sappo.se one 
of the peniandiia digynia tribe), if cut the length of the stem and 
root, tbe fluw'ers wilt be found mounting in large wood vessels, 
formed for tlxK purpose, and passing through the. middle of ijic 
root, and on both sides of the stem, and therefore easily dis> 
tingufshed, while the seeds coming even from the .‘iiringy roots, striii»y roots 
and thence entering the alburnum vessels, (which run through 
tbe root in various directions,) thus mount to the stem, while 
the dower has, in the mean time, ascended the plant, foimed its ** ‘ 

calyx and stalk, and has only to run up the peduncle, to com¬ 
plete its formation. I know no plant that so admirably shows 
the seed arranging hi the si&qfl vessels, as the arum. J f the plant arraiiii'ing the 
is divided longitudinally, root and stem, a very thin slice, and 
cut c^tacflv even, placeif in the solar iiiicro6co{Jb, and the dowers 
already aggregated, the seeds will be seen mounting the al¬ 
burnum, and arranging themselves one by one in the caies, and 
if quiteJresht they will^contiuue to do so for nearly an hour 
after they are dug u^i and directed ; and it is certainly a most 
beauftful subjeal for the solar microscoi^e. Bin whaf^ifiay b0 
said to complete and perfact the discovery of the seeds, is th^ 
dissection of tbe wheat j wbicli not only forms tbe vital part^of 

tlif 
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the seed io^be root, bat the er*^it} to that the heart can 
be taken oat and examined, and of course no person, who 
und. rstandc the dissection, can doubt its identity. 

Difft'Vf nce of With respect to the flow of the sap in the alburnum vessels, 

regular as in tress : but rises at different times, accord¬ 
ing to the length of period, or number df months the plant 
remains in existence : in some vegetables three rows of albur¬ 
num are discovered, in others only two ; but in general there 
is, 1 believe, very little division between them, and the flow is 
pretty constant, and mostly brings the seeds with it; and they 
are to be found at all times. The alburnum appears to be 
formed in the s^me manner as in trees, by a twisted or curled 
rlbbxHi, which runs up in a vacancy ; but its wood is very 
different, being extremely loose and weak, dnd very little 
stronger than in its first stale of alburnum, and therefore very 
watery ; and it differs also from trees in another particular, 
its sap-vessels being real cylinders, and not vacancies. They 
Ditfcrciit also vary in the place in which thsir spiral vessels mount in the 
place ot rlic —in trees they are found in the last few rows of the sap 
t'acancies, besides that which forms the wood. But in herba¬ 
ceous plants they are discovered next the bark : and it was this 
very circumstance that persuaded me, (in the first years of study,) 
that they might be the returning vessels for the s^p, as in all 
twinli^ plants, and herbaceous also, there is a set of cylinders 
(perfectly white) which run next the alburnum, and niight 
Well deceive in this respect : but when I came to dissect them» 
(which I did in inouinerable plants) I found that they were 
%aU spirals confined in their cases ; but when taken to pieces, 
and greatly magnified, easily seen to be such. Perhaps cutting 
a pentandria digynia plant, in an almost decayed state, shews 
them better than any other, because they are* then divested of 
the bark which surrounding, conceals them ; and when the 
rind is taken ofl>and the cases severed, they remain qoit^ ex- 
Appearance posed. In all these plants they turn round each leaf repeatedly. 
Mt tbc spirals, would appear as if it was to gain for them that space neces¬ 
sary to make the spirals act well, by bHving a greater distance 
, of wire to contract and dilate in. In the plants just mentioned 

they form a sort of hasket^w&rk at the top of eai;ih which 
appears to give great strength to the leaf-stalk in moving to and 
fco. 
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As speniiQens of the herbaa^s roots arc too lar^, flod that Vniiffus sprri- 
it.would b^dly be possible to give them within the prescribed 
limits for prints in this Journal, 1 shall present a drawing of 
a wood vessel %: t, and an alburnom ve.ssel with F, a closed 
oneiig. 2, instead, to show how the flowers and seeds pass up 
the herbaceous plants from the root. So very quick is the 
passage of the buds tip the wood cylinder, formed for the pur* 
pose, that if it Is cut horizontally, and left for an hour or two, 
the flowers will peep up above the wood vessels, and form a 
kind of nosegay or flower pot. It has always a spiral twisted 
up in the interior of the vessel apparently to keep it open, and 
prevent its pressing on the flowers with**n. Aa to the roots of 
herbaceous plants, it is impossible not to be struck with the 
astonishing difference between them and that part in trees, &cu 
The beautiful mechanism of the furmer is so admlral'le» that 
the mind finds it difficult, at first, to understand and discrimi¬ 
nate the particular parts, and it is only by comparing them with 
other sorts of roots, that 1 learned, at last, to comprehend the 
whole arrangement. The root is evidently the laboratory of 
these plants, in whioli every diflerent ingredient is composed li' jMrroii'. 
and coucocteJ j.and instead^of tiie samene<>s and simple regula- 
rity of the root of trees, shrubs, &c. flowers, seeds, and spiral 
wire appear aj^i in their allotted places« and though annuals 
and herbaceous plants difler, yet it is too little to tuakeit 
wonky discrimination, in so slight a sketch as this ; nor does 
the bulb vary enough to particularize it, except to mention, 
that unlike the annuals, &c. the flowers mount in one or two 
cylinders only, hi^tcad of a circular row of wotnl vessels. I 
have described the formation of tlie plants that rise ealh ; and 
shall finish my letter by ackling a few miscellaneous facts fnat 
increase the clearness of the general pictore. 

1 have also another discotery to make, which overcomes the Vaciun ios in- 
many difficulties which «have appeared, sueboot only to other 
Fhytmogists, but myself also : I have said that when in trees, 

&c. the sap is cleared from the seeds in the alburnum vessels, it 
becomes a jelly, and tbenfvood by the insertion of the diflerent 
vesstia, elongated from the neighbouring wood wtiich also 
introckl^ces the spiral wire^ in every direction, to form the sap 
vacancies. Dr. Smith observes, in his* excellent treatise on 
bptany, that if wood is taken to pieces thread from thread, nu 

sap 
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sap vessels will be discovered, l0sed to think it was because the 
cylinders were so fluted ; as in brKany small vessels almok 
always lurround the large ones ; but I was mistaken j I have 
Vacancios now solved the mystery j »hey are vacancicji nor vessels ; and 
** '*''**3' •t' t'acb horizontal layer of wood, thb 

sap holes are worked back with spiral wire, just like a button 
hole, to prevent the interference of any part of the net dr 
thread'* fllling up the aper'ures intended for the current of sap. 
'J’his will also evidently shew that now they are known, they are 
too plainly marked, and too exactly delineated not to strike tlte 
eye, if, therefore, there were any m the bark, that part could 
nr)C be dissected (in the manner I have done it, vessel from 
No retnniinw vessel) without their being perceived. But there certainly are 
ia^he^bark*^^* leturning sap vessels or vacancies in tht bafk ; in showing 
which tiecs best exemplify the seeds coming from the root, 1 
should have mentioned the Jirs : particuIaiJy the larch, which 
so admirably distinguishes the completion of both seeds and 
pbllen J for as they are both formed out of their cases and that 
the male and female flowers are separate, the essence of the 
seed is in the bjautitul red flower seen to Coagulate at its com¬ 
mencement, while the empty seed vessels arc all arranged in 
their proper places, at a vessel projecting (See Fig, 6 ee.) to 
receive the seeds, which soon begin to mount, at^ in Jess than 
a week, (if in increaiiing ripe flowers are taken) will be found 
at last, all to have arranged themselves in the seed vessels 
according to the manner appropriated to the plant, and 
' the coagulated quantity below will almost all have disap- 

^ peared, and if the male flower is taken, ihe"^ pollen will be 
lound in the same manner to l ave collecved from the middle of 
the stem, and arranged itself at the bottom of the flower, and 
will be all carried up, not as in i/ie^seeds through a vessel like 
the alburnum^ but tnrough the middle of the flower, to the 
stamen cases, whlil-h they enter. Botif these processes |re so 
plain, so easily seen, (now they are pointed out) that every one 
may behold them, with no very,powerful magnifier, if they 
will cut t^e flowers through the mid&e, then take off an even 
slice j and •the pollen and seeds being divided, makes it far 
more Cl{^r and absolute- I promised also to i^ow tbaut-ort of 
aprew which in herbaceous plnut^ ri.*vt.nts the roots which are 
^rmanent^ from being hurt bjr the seuling of the water in 

the 
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the hollow of (be stems. It i|at once a most beautiful con¬ 
trivance, and an admirable piece of mechanism, without which 
the roots would be ruined before the return of the following 
spring ; The steni, when decayed, appears like a double cane, 
from the bark and piih having all melted away between each j 
these art often filled with water which, without the precaution 
of the screw, would spread the rot to the middle of the root j it 
is a double screw, one within the other, which finishes at the 
beginning of the root, and iborougMy protects it from rot and 
moisture, it breaks away when the new shoot is going to com¬ 
mence, which never begins at the same place. 

I am. Sir, * 

Your obliged Servant, 

• AGNES lEBETSON. 

Fig. 1. Plate II. A wood vessel taken from an herbaceous 
plant, shewing the flowers as they pass up to the top of the plant 
AA the spiral which keeps the plant distended! that pleasure 
may not hurt the flowers in the interior. 

Fig. 3. An alburnum vessel j the same in both trees and 
herbaceous plants, conveyihg the seeds from the root t,o the top 
of the plant or to those fibrous stems which bear the flow ers still 
in their aggregate state, into which they enter, lodging them 
in each separate flower. BB Tlie seed are ahvays ar.anged on 
the line as they are in the different seed vessels j but in far 
greater quantities than ever come to maturity. F The alburnum 
vessel closed. 

Fig. 3. A doufile screw w'hich .separates the old stem from 
the herbaceous root, prevents the latter from being deca}ed and * 
destroyed. 

Fig. 4. The female flower^f the larch ; showing the mannec 
in which,after mounting the alburnum vessels, the seeds are col¬ 
lected ^t the bottom of thl'i part, and then dividing, and running 
again into the alburnum, mount to each separate bod and these 
enter ibe seed vessel. Fig. 6 . One seed. 

Fig. 5. Manner in whtefl the seeds enter the seed vessels in 
the arum, CC seed ves&els JDD seeds. 


A Memoir 
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jiMenvjh ujxm the Limits of ConibustibiHiy of Gaseous him 
Jlammal'b Mixtures diminishing in Density, and upon the. 
Colours of the Electrical Spark in different Mediums,, by 
M. Grotthuss.* ^ 


Rartfit-i! Kas.*** TF^ ninth volume of Geblsn’s Journal, I shewed how 
wit coiiibuHti much the influence of the pressure of the air is of 

importance in the combustion of bodies, particularly with re¬ 
gard to the gaseoirs mixtures, I proved, that at the height of 
about 35,000 feet, all combustion in the a^iosphofe must 
cease. From my experiments of that time it may be con¬ 
cluded,that the combustibility of a gas, comports itself as the 
degree of dilatation at which it ceases to be inHammable. If 
we Lay down this principle for measuring the combastton of. 
inflammable gaseous mixtures, we shall find anomalies which 
are interesting, but difficult to be explained. 

Rfiwui kable H- It is generally admitted, that most combustible bodies are 

fwIVu ihr easily inflamed at the ordinary, pressure of the atmos- 

cowbustiliiiity in oxirauriatic gas, than in oxigeu gas. The oximurialic 
produces a sudden inflammation by simple contact of 
Lxiiimiiatic ** phosphorus with different metals, and with certain gases j an 
pas au»l Uiosc inflammation which does not take place with oxigen gas, ex- 
when it has obtained a maximum of compression, which 
may happen, as I have shewn, from the unitid action of ex¬ 
pansion and resistance. A mixture of oxiinuriatic gas and 
^^hydrogen gas inflames, by a slight heat externally applied, even 
by the solar rays j and from this fact it was to be presumed, 
that a gas so easily inflammable, would require a much mom 
considerable dilatation to deprive it of ^e property of inflaming, 
than the denotating gas, composed of two measures of hydro¬ 
gen, and one of oxigen, gas. This would be a consequence, 
however, which is contradicted by t^e following fact. 

'JTja former, II !• ^ filled a tube, (of which the internal part of its upper 


C 


* rvom a Translation of Vogel of the original Schweigger's Che- 
mufal Journal, iii. 


extremity 



COMl|U£TlBIJLlTy OW GASBS. 


31 


extremity was defended by a ii|etallic cylinder) to o^e-sixth of thoujitb most 
its capacity of equal parts of oxioiuriatic and hydrogen gas. 

The tube was inverted ift a bason, and filled to one-sixth of dily doprivi-d 
water deprived of air. The smallest electric spark inflamed pcrly 
tlHS gas with such violence, that several tubes were reduced to panaiou. 
pcHvder. 1 repeated the experiment in a stronger tl!be; and, 
after having placed the apparatus under tbe receiver of an air 
pump, I exhausted the air, till tbe gas occupied nearly tbe 
whole of the tube, that is to say, a space six times greater than 
before. 


The electric spark was then passed through it, and I saw its 
aourse, but it was not possible to inflame thd dilated gas. 

After having restored the ordinary pressure of the atmosphere, 
a slight diminution of volume was observed, which indicated 
tlie alow formation of water. There was, nevertheless, enough 
of the undecomposed oximuriatic gas to be inflamed by the . 

electric fluid. I could not exactly determine by this means 
the degree of dilatation at which a mixture of these two gases 
loses the faculty of inflaming, because the receiver was not 
hermetically closed. But I perfectly accomplished the inten¬ 
tion of this experiment, namely, to prove that this very in¬ 
flammable gaseous mixture loses its faculty of burning at a 
much less degree of dilatation than a mixture of oxigen and 
hydrogen gas, which does not cease to be inflammable, until 
dilated^ore than sixteen times its primitive volume. 

May not the cause of this anomaly consist in the circum- Spceulatiou 
stance that, in the oximuriatic acid the oxigen is in a more con- on the cause. 
Crete slatej^ and, Consequently, contains less caloric than oxigen 
gas does ; so that, when at a certain dilatation, some of the 
parts of the oxigen of the oximuriatic gas are applied to a pai ? 
of the hydrogen, the heat developed is not sufficient to effect tbe 
continuation of union in the two principles of the rest of 
the gas ? • ' * 

IV. have here an additional proof that the varied pressure Dedactions. 
of the atmosphere remarkably changes the effects of chemical 
affinity. The inflammable^roperty of hydrogen gas, ^nd of 
all tbe combastible bodies, would certainly be unknown at a 
suitably j^iuMnishe^ pressure of the air; and we may su^S^, 
on the contrary, ffiat many bodies would appear to us very in¬ 
flammable, at a pressure of from t^o to ten times as great. The 

nitrous 
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nitrous muriatic and sulphuraf^cd hydrogen gases might, pc- 
haps, under these circumstances, appear as inflammable as 
phosphorated hydrogen gas. 

Well-conducted experiments of this kind promise to 

aflbrd results of great interest to science. 

Rarcfactionby V. Instead of rarefying the gaseous mixtures by means of the 
heat i-as the . t j ^ 

»anie etfect as air*pump, I made use of beat. 

diminished 

pressure. Expfcriments. 

The tube, was filled with mercury, and inverted in a bason of 
the same metal. 1 passed up one inch of detonating gas, com¬ 
posed of two ^arts of common air, and one of pure hydrogen. 
J^y means of a moveable spirit lamp, I heated the upper part 
of the tube until the gas occupied f 4 mr times ilsnoriginal volume. 
As the gases were not previously dried, they must have con¬ 
tained much moisture, which favours the dilatation 5 for, 
without the presence of water, so great a dihtation could not, 
perhaps, have been effected at that temperature. I then 
passed electric sparks from the conductor of the machine, and 
by leyden vials of middling size, without ever succeeding in 
setting fire to the dilated gas. As 80 f»n as the gaseous mixture 
began to cool, and the space it occupied no longer exceeded 
three times its original volume, it took fire by a weak spark, 
•and it was easy to observe, that the inflammation was propor¬ 
tioned to the density of the gas. j. 

By continuing to cause the electric fluid to act upon the 
dilated gas to a point which rendered the subsequent inflam¬ 
mation impossible, I had farther occasion 10 observe a quiet 
^ composition of water. 

Flame applied VI. In ordyr to determine how the detonating acid, in this 
insteadofcit'c-state of dilatation, w’ould comport itself at the approach of a 
liglvied taper, I filled a tube to one-fourth, w'hicb I heated so 
ns to cause all tCie mercury to descend, and part of the ^as be- . 
gan to escape trom the tube. At this moment I approached 
U lighted taper, but it did not take fire. 1 left the tube in the 
Dpercuiy, and after cooling, I closedPthe lower orifice with my 
finger, then inveiied the tube, and the gas took fire with explo- 
^iod, px* the approach of a lighted candle. ^ 

This experintent'seems to prove, that calorie cannot be con¬ 
sidered otherwise than aa an indirect cause of eapl<»iMi. By 

it« 
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expatis^ive force it would, rib dcubf,' oppose the union of 
^iyd'foguh ahd oxigen, an insurmounlable impediment, if the 
jenhance of the alinospliero did not exercise a reaction which, 
tindter certain circumstances, becomes a maximum of compres¬ 
sion. 

7 . All these facts, joined with those of my former Memoir, General tljctf* 
may establish the following iheotem : 

Hydrogen gas In the atmosphere, under a pressure of four or 
five limes that of the ordinary state of the lower air, is not 
capable of being set on fire by the electric spark, nor by a 
lighted candle, whether that dilatation be owing to a diminished 
pressure, or a more elevated temperature. 

I take the extreme limit of dilatation here as it was ob- The linnls of 
served in my experiments with hydrogen gas and common air. dilaiafion will 
But there is no doubt that the two gases, if mixed in a proper- |„opornou of 
tion less favourable to combustion (as for example, t\\ o or ' 

three parts of hydrogen to one of air) would not require so l^^***^’ 
great a dilatation to deprive them of the faculty rof inflamma¬ 
tion. Hfenco it may happen, that at the bottom of the salt 
ntitlefs of Cracovia, or at Amsterdam, or any other low town, 
it might be found,that a gaseous mixture ruiglit be inflammable, 
which would not be so at a more elevated town, such as Quito, 
in South Amefica. This would depend on the proportion in 
which the hydrogen might be mixed with the atmospheric 


8. Various phenomena may be, without difficulty, explained Explanation 
from this theory^of which I shall give a few examples. from*^thL^^* 

A great number of combustible bodies inflame on passing tiioc, ^ 
in the state of oxide into the oxymuiiatic gas. Much more 
would it, therefore, follow, that the oxymuriatic gas would oe 
decomposed by charcoal at an elevated temperature. Never¬ 
theless, M. 'theuard and Gay Lussae have lately discovcrCfc,,^ 
that ocyniuriatic gas may be passed through ignited charcoal 
without the gas being decomposed. 

Interesting and instru^ive as this experiment may be in Oxymur. gas 
itsdlf, as to its explanation, I do not accede to the opinion of 
^lese cbemtsti on that head. According to theirnei^so|iiug, lighted char- 
the otf^uauriatii* gas is decomposed onJy when it meets with *^®‘^** 
or water ready formed. For my part, I am per? 

•uadeit, that the presence of waller is an indispensable condi- • 

VorLxXXV.— No. 161. D tion 
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tion in evtfry chemical act ion*. | We must recollect, that water 
is present in tlie oxymuriatic as well as in every other gas j 
and, by the experiments of Priestley, Kirwan, Berthollet, 
Cruickshank, &c. it is put beyond doubt, that charcoal, heated 
as long as possible, contains still a quantity of hydrogen, of 
which the decomposition ought to follow j and, as it does not, 
the reason given is insufficient. 

Investigation 9* I vvill examine this subject rather more fully. I think 
of the cause, (he cause of the non-decomposition lies in the great dila¬ 
tation to which the oxymuriatic gas is subjected by the healed 
charcoal. In this case it comports itself like the hydrogen in 
ray first expeliment. At a certain degree of expansion it 
can no longer be decomposed. Neither do I doubt, as a con¬ 
sequence of what has preceded, that oxige.i gas can freely 
pass through ignited charcoal, provided that degree of dilatation 
be acquired, which may be considered as the limit of combus¬ 
tion of this gas, whether that degree be produced by an elevated 
temperature, or by any other circumstance. 

Difference be- 10. Another well-known phenomenon, not sufficiently ex- 
^an fg- Plained, as prevented by hydrogen gas, which, notwithstanding 
nited body and its great combustibility, does not take fire by an ignited body, 
flame. though it does by flame. The following observations, compared 

with our theory,raay,perhaps,throw some light upon ihe subject. 
When a well-ignited piece of charcoal is taken up with a wire, 
and the finger is brought within an inch of it, the heat is 
scarcely to be borne j but we can easily hold the finger at half 
that distance from a lighted candle, without perceiving any 
sensible heat. ” 

^ . In this case it appears, that flame insulates the heat it derives 

xp anation. burning wick, or that it is carried upw^ds by the 


i 


• See my Memoir in the Annates de Cbimie, vol. LXll, the works 
of Scheele, edited by Hermbstadt, p.228 j and Mrs. Fulham's E^y on 
Combustion, London, 179#.--G. 

To the above note M. Vogel adds; 

M.Riihland, of the Academy of M(i||ich, who is at this time at 
Paris, ha\ published an interesting Memmr in the Chemieal Jonrnal of 
Sebweigger^on the necessary presence and fixation of water daring 
tlicacloFcombustiun. He has shewn, that a gre%tnn;nftercfcom- 
|||nstiblcl>odies cannot bitm in well dried air, and that water is very 
much conecrupd in the union of oxigen with tbem. 

# . . - 
^ * flame. 
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flame. I suspect that the ignted body, before it touches the 
hydrogen, dilates it slowly within the sphere of its aciivity, so 
as to render it incapable of taking fire, whereas the flame 
exerts no action till it^touches the gas. At this moment the 
gas dilates itself suddenly, and with violence, at the part in 
contact, and by that means produces, in the parts adjacent, 
that compression which determines the combustion. This 
explanation is also confirmed by the following fads : I could 
not set fire to hydrogen gas contained in a narrow tube, which 
I gradually and vertically brought near the upper extremity of 
a lighted taper. In this case the gas is tlilajed in the same 
manner as by an ignited body. 

n. Since in all these experiments the dilatation must be Wiitor is of 
attributed in part to the vapour of water, which Is inseparable g’^'at impor- 
from the gases, I was desirous of ascertaining whether other 
very expansible fluids, such as alcohol and ether, would change wiUialco- 
the degree of dilatation, which may be considered as the limit 
of the combustion of hydrogen gas. The expetiments I made 
on this subject led to other results. 

The tube, capped with a metallic cylinder, as before described, 
was filled with mercury and a drop of alcohol. I then passed 
to half the metallic cylinder a mixture of two parts air and one 
hydrogen. The drop of alcohol was, therefore, between the 
gases and the mercury. I then heated the tube till the alcohol 
begafl to be converted into vapour. 

It was in vain that I attempted to inflame the gas dilated to Expansion 
four times its priginal volume, by the electric spark of an inch 
in length. I obtained the same result with the vapor of ether, vents co*ipbus- 
and consequently the limit of inflammability depends solely on 
the degree of dilatation. When the tube was quite cold, the 
gas occupied a larger volume than before, and it was not pos¬ 
sible to set fire to it by the strongest electric spark, though it 
Still burned with a blue weak flame by the coiUact of a lighted 


taper. Hence I concluded, that the alcoholic vapor was de- ^he slcolioHc 
composed j that its elem^ts had united with the detonating vapor dccom- 
air to form an oxicarburetted hydrogen gas, which is M^ry vari- 
able in the proportions of its components. 1 was more 
confinfletT in tlsis opinion by the suddgn expansion l*Jbad re¬ 
marked in gas charged with alcohol by means of the electric 
spark. • 

Da ' \% 
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Repetition of J 2 , In order to ascertain more^ clearly the nature of the 
variandiwr* ** ^ the lube with jnerciiry, and then introduced a drop of 
alcohol, I healei’.• ah-nhol till the mefcilvy had descended 
otic inch below the unetallic cylinder, which served to conduct 
the electric spark i hronght this small apparatus near the 
conductor of the >*! , .tic machine, and passed several hundred 
eh ctric sparks ir, at the same time that T was careful 

to I'o*', lip the djla' .• »>-'i by heating the tvibo from time to time. 
'I'l s. vIecMic light, u t’r these circumstances, shewed n beauti¬ 
ful u colour, anc’ o>rm«tl a torrent of celadon green light, 
u 'v<'4 had <i be.'oitifj I i deet in the dark. 

Dccoiiipos, rf \Vliib; (lie tube: e cold, the alcoholic vapor was con- 

fmt b>*lLvtri-into a t’lin rji.i';. of liquid, which, by |he rise of the 
oity. mercury, .ippioachcd the metallic cylinder. At the moment the 

stratum of alcohol.touched the metallic cylinder, a decompo¬ 
sition of the alcohol, in the liquid state, commenced. The 
surface of the mercury then became covered v/ith bubbles 
scarcely visible, which were from time to time inflamed by the 
^ electric sharks, and formed in the middle of the liquid small 

brilliant points, resembling the flame of pliospborus. It ap¬ 
pears that alcohol is slowly decomposed in oxigen, and in in*' 
flammable gas. The alcohol in vapor is still more rapidly de¬ 
composed i but the product is an uniform gas^ composed of 
oxigen, hydrogen, and carbon. By a quarter of an hour's elec¬ 
tric action, 1 obtained half an inch of this gas, which fs car- 
bondted hydrogen, as I have proved by experiment. 

I could not decompose the vapor of water ic so short a time 
by means of the electric spark. It appears that water is mote 
difficult of decomposition, or that its elements reunite slowly 
afjer th^ir separation to reconrpose water. 

Green colour 13 ^ beautiful celadon green, which the elecliic spark 

oi file Oit'ctrif ‘ ^ 

spark iu vapor assumes in the v^por of alcohol, induced me to examine seve- 
of alcohol. ral other bodies in the state of gas. According to BriiSsiley, 
the electric spark is of a purple red in hydrogen gas j but 
it takes this tint in every other dilated ^^as, (as, for example, in 
air dilakd by the air-pump,) we might, in the former €ase, 
attrib^tq the colour to the rariiy of the ijydrogen, 'fhe nature 
of the *e^eciric fluid must nevertlrele'ss have sdlne iiffioence on 
the colofiT of the electric spark ; for the spark appears red in 
anltnoniacal gas, and in phosphorated hydrogen, tliougb '^ffrose 

fluids 
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flfcud« ftre much denser than bjferogen gas- It is possible that The colour 
the conducting power as to e'Jectricity, which most be ptsculiar 
•fo each gas, may beconcer.ned in this ctrect; and Pfiostley sup- conducting 
poses, not, {perhaps, without reason, that the red colour may be ^”.’**'^*** 
an iudicaiiun that tlie electricity is transmitted with diffi" 

Ctilty, 

In the vapor of boiling water the electric spark is of an Jq steam the 
orange yellow, and in dried carbonic gas, as well as iu oxigeii *** 
gas, I have always seen it of a \ery beautiful violet. 

Ill order fo dry these gases as much as possible, I have left 
them to remain over pure lime a little heated, yhich absorbed 
the water of the carbonic acid until it was saturated. 

We see, therefore, in ihe«ie experiments, the electric li. lif ap- Alltlicpiisma. 
* • * - , , , t'c colours aie 

pears with the colours of the solar spectrum red, orange, Sf'i (I in ditic- 

green, blue, and sometimes violet, a phenomenon which agrees lent s.['afks. 
with the observations of Ixitter, This philosopher applied the 
positive pole of the pile to his eye, while he jhrdiight bis hand 
into contact with the negative pole, and he observed that ob¬ 
jects llien appeared to him brighter and bluish j but, on the Voltaic spccu* 
contrary, when he applied the negative pole to his eye, objects * 
•became deeper and of a reddish colour. (See Gilbert’s An¬ 
nals, VII, p. 447-) When the carbonates dissolved in wafer, 
or even purc*waler, is exposed to the current of the voltaic 
pile, a decomposition takes place ; the carbonic acid, or the 
pure oxigen is separated by the positive pole, and it is precisely 
ill these two gases that the electric spark appears, blue ^ but it 
appCasi red in hydrogen gas, phosphorated l yclrog.^n, ammo- 
nia, sulphurated hydrogen, and probably in all the gases which 


are disengaged at the negative pole*. 

14. It! atmospheric air, which I had comprcssed%y a co- F,K'Ctri<' spiuk 
luron of two feet of roerotiry, I caused the electric; spark to 
pass.- The spark was brighter, but not coloured. It is weaker 
in h^rogeii and in ratified air. From these observations, 1 
think it may be concluded, that the iiiteusity of the eleclric 


♦ 

♦ From some experiments, not yet sufficienlly repeiiti'il, I fliink there 
is reaswi m coneUitle, that the fcoloiir of tiie eiectiic spa»lvifc^<ij|eim-d 
by the*efi'artiiig*ijovvci of the medium •i|)(>u^i;;l)t ^ that at 'tfcc n,y\i« 
nnim tlie colour is red, aad at the mimnjuni violet. of M. 

light 
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light is always directly as the density of the gas, and inversely 
as its conducting power for electricity. 

We might conclude, a priori^ that the light ought to a{^pear 
stronger, the greater the resistance to be overcome, and that 
for this reason it is brighter in carbonic acid gas and oxigen gas, 
when dried, which have a more considerable specific gravity 
than hydrogen and atmospheric air. 

If we compare these observations on the colour of the elec- 
ti'ic spark in different mediums with the remarks of Ritter, and 
the experiments of Rochun, Herschel, and Leslie, on the power 
which generatps heat, and with the interesting results of 
Scheele upon the reduction of the simple rays of the prismatic 
solar spectrum i if we consider, in the next plape, the relation 
between these phenomena and those of the galvanic battery, 
we shall have reason to conclude, that the time has arrived 
when the polar or galvanic electricity ought to be recognized 
as the principal agent in all ch mical phenomena. Analytical 
researches of this description are calculated to throw great 
light upon every department of philosophical knowledge. 


vir. 

An explanatory Statement of the Notions or Principled upon 
which the ^stematic Arrangement is founded^ which was 
adopted as the Basis if an Essay on Chemicq^l Nomenclature. 
By Professor BrazELius. 

^ {Continued from p. 3ig, Fol, XXXIF.) 

m 

Stibiate of FIPIIIE manner of obtaining this'salt is to burn one part of 
potash. J|_ antimony in powder, with six p. of nitre in a crucible, 

and give the greatest heat it can support without fusiolfi. It 
js then to be reduced to powder, and Wenshed with cold water 
as long as the water extracts either alkali or nitrate of potash. 
The wafer at last leaves a powder of an acrid and slightly me- 
tallict taate, very little soluble in cold water j but boiling water 
dissolvSs a large part of it if exposed to its action for some 
hours, ^he liquid, if filtered while still hot, throws down 
rjiothiog by cooling. When ^aporated to the consistence of 

syrup 
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sympt it deposits a crust of frhite powder, gran\!hated as if Stibiate of 
tending to crystallize, and very light. If the evaporation 
be <»nttnued tp the consistence of honey, the mass congeals du¬ 
ring the refrigeration, presenting a white semitransparent pliable 
crust. When evaporated to dryness, it aifords a white mass 
like enamel, brittle, and cracked in every direction. The neutral 
stibias kalicus is difficultly soluble in cold water, but is perfectly 
soluble in boiling water, without affording any deposition du¬ 
ring the cooling. When dried at the temperature of + 100 * 

( 212 ° Fah.) and afterwards exposed to the fire, it looses its 
water of crystallization to the amount of 1 li per cent, of its 
weight. Five grammes of stibias kalicus, previously ignited, 
being treated with nitric acid, }vere decomposed without the 
smallest disengagement of carbonic acid. As it is very difficult 
to separate the potash completely, I digested the insoluble 
part .with new portions of acid until no more potash was by 
this means extracted. By this means I obtained 2 256 grains 
of nitrate of potash, which contain 104 grs.'of pure potash. 

The stibic acid, being healed to redness, left 3’6g grs. of white 
oxide, equal to 3 '96 p. of acid deprived of water. The stibias 
kalicus is therefore composed of 

Stibic acid 79'2 100 

Potash# 20-8 26 

ItXip. of stibic acid contain 27*3 p. of oxigen j and 26'3 p. 
of poftish contain 4'471 or 4 47 1 x 6=26-826. It appears, 
therefore, that the stibic acid combines with aqu^itity of basse, 
tbhich contains one-sixth as much oxigen as^ the acid itself, be¬ 
cause we have found the same in the combination of the acid 
with water. If we compute the quantity of water found in 
the dry stjbiate of potash, it will be seen that it containe nearly 
three times as much oxigen as pota.sb ; and it would becoiHb 
accurately so if we admit that the result is inaccurate to the 
preciilfi extent in which differs from the calchlation. I musf, 
however, observe, that in repeating the experiments on the 
composition of the stibiates, 1 have had various results, and that 
I cannot pretend that the^are entitled to veiy great confidence, 
as far as relates to the accuracy of the numbers. ']l(]he results, 
nevertItelesB, wUch 1 here communicate, have been ^efiuced 
from experiments made with tlm greatest care ; and if I have 
been drived, it mu^t be ascribed to the great difficulty of 

pro- 
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Stibl&te of |b!pdiicing b detormi^te or neural coiapou^ when ihe 
potMii. hities on wbioh it depends are so feeble. - <, 

^ The powder obtained by edulcorating the product^ lO^fe 
burned with antioiony^ and £rc3«n which' boiling water 
the neutral stibias kalicus, appears to be » slibic acid, whiqb-ib 
decomposed by the action of the boiling water ii»to a nentfftl 
stibins and a slibic acid, or rather into a superslibias, wit^ a 
still greaUT excess of aetd. 100 parts of this powtier, well 
washed with cold water (J>ut not trea'ed witli boiling water) 
leaves, after treatment with nitric acid, a quantity of sltbic acid 
combined with water, which, in one experiment, produced 
63 74-j and in aftolhei experiment S4 00. It follows, that JOO 
p. of Slibic acid had been combined with 11‘33 p. of |i4u:e 
potash. This quantity is rather less than half uHiat is cootaiaed 
in the neutral stibiate. It appears that the eiTect of the cold 
water has changed it a little by dissolving a small quantity of 
neutral stibiate, and that, in fact, there is found a certain poptioo 
of thektter mixed with the nitrate and with the combination 
pf oxiduni stibictim and potash, which are taken uphy the cold 
water. 

This circumstance explains why, in the prescription for mak¬ 
ing the calx antimonii elata of the pharmacopeia, it is expressly 
forbidden to fuse tlie mass, because, in this case« ibe snpersti- 
bias kalicQs decomposes the nitrite of potash, by disengaging 
its acid, and becomes a neutral stibiate, wliich is almost totally 
dissolved duri^ the washing. 

Ammoniacal The stibias nydracus is dissolved by strong digestion in caostid 
iuperstibiate. ammonia, and its solution appears to contain a neutral stibtaa 
mnmontcus. It cannot be evaporated because, in this caae« 
paH of the ammonia would dy odT, and a white pret^tahi 
W9bld be formed, which reddens turnsole paper, and afl^rds 
ammonia and water when heated in a glass retort, the stihie 
acid remains in th^ form of a yellow pOwder. The pr^ipitalff 
is, therefore, a supersttbias ammonicos. This is not decontpesad 
by the action of atr, even if exposed at the temp^atuee ef 
40*’ or 50^ (1059 to 120*^ Fab.)fbr tb^ space of several mcaitha, 
^arytle stibi bfirytiem is a white powder whidi is obtaiiied by 

pFecifbti|lttng the muriate of barytes with stildale oT potarih 
It appears to he perfectly insoluble In water, hecattse ti« pra* 
•dpUate piioduced by the hrst drcgi of die precipitant is not iwir 

dissolved 
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4m4ve& wben fthdken in the yolotion. This salt it fleifieulefit^ 
lightj and does not adhere to the sides of the vessel. It is aot 
diefysy^fiosed by cmbonic acid in the air ; bat the nitric acid 
e&tracts by digestion, though not without di6Sculty, all tlia 
Ityrytes it contains. 

is produced by a process similar to the Stibiaskati* 
going. It is a white powder s^iaringly soluble in wat^} 
for the ^ecipitate produced at tlve commencement is readily 
dissolved by sbalciog the solution. Yet it requires but a smaU 
quantity to saturate the water, and the precipitate, after a time, 
assumes a crystalline aspect precisely like the carbonate of 
lime, and a quantity of these infinitely small cfy&tals is depo* 
sited OH the glass, whiclt becomes covered with them, it it 
ibuod, however, that it is not carbonate of lime by decanting 
the fluid, and treating it with nitric acid, which dissolves tlw 
lime without effervescence, and Icpes ilte stibic acid on tlte 
glass in the form of a milk uhite stratum. 

Sii&i^s plumbicu* is produced by precipitating nitrate of ^tibiate ef 
lead by stihiate of pr.ta'-'b. A white precipitate is formed, 
resembling very much at first the muriate of silver, and which 
is perfectly insoluble in water. When exposed to the fire it 
gives out its water of crystallization, and becomes yellow. 

It does not m#lt by a red heat, but on a piece of cluircoal be« 
fore the inner fiacne of the blow>pipe it is rapidly reduced 
wUh%i slight dt^agratlon, affoidiug a white metallic button of 
stibiteum plumbi, 1 was in hopes, by tlte analysis of this 
eoiEibination, of gaining a more exact kno wlodge of the com* 
position of the stibiates, as it was very easy to obtain the 
stihiafe of lead in a neutral slate. But I found, to nay great 
fiorpeiis, that the slibiate of<de 9 d, ignited by heat, was scarcely 
at all attracted by tlie nitric^acid, and thM the newly>praefp'* 
tsted stibiate still hanud, if poured into concetUTated nitric acid, 
oannpt be decomposed ISut to a certain degree* winch seems to 
produce the soperstibias plumbicus. I endeavoured to deootn* 
pose this by several days exposure to conctmtrated nitric acid, 
nearly boiling, wUbout*ltB being altered. 1 lastly mixed k 
vkfa cbareoal, and reduced it in a glass retort, an^ afterwards 
treated {he reduced metal wlUi nitric acid. The r^siflt was 
Wirste cf lead #nd supefstibias plumbi again j and 1 could 

not. 
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:^Otf comeqiiently, obtain a more |f;recise result than I have before 
^ated. 

^ Siibias xincicas produces a heavy precipitate, soluble to a 
certain degree in water, which is at last deposited in the form 
of a powder, which covers the sides as well as the bottom cf 
the glass, and, after washing and drying, has a crystalline ap¬ 
pearance like carbonate of lime. When heated in a glass re¬ 
tort the stibiate of zinc gives oat its water of crystallization, 
and becomes yellow. It is not reduced by the blow-pipe upon 
charcoal. 

Stilias manganosus is a white powder, very little soluble in 
water, and preserving Us colour in the air as well when humid 
as when dry. In the fire it gives out water and becomes grey¬ 
ish, which seems to be owing to a slight oxidatibn. Exposed 
to a very elevated temperature, the stibias manganosus resumes 
its white colour by a change, concerning which I shall speak 
hereafter. 

Stibias ferrosus is precipitated perfectly white, and preserves- 
its white colour as long as it is covered with water. If it be 
put on the filtre and washed, it changes its colour, by the con¬ 
tact of the air, into a yellowish grey. By heat it gives out 
water and becomes red. Upon charcoal in the interior flame 
of the blow'pipe, it becomes reduced. The antimony is vola¬ 
tilized, and the iron remains obedient to the magnet. 

Stibias cobalticus is the most soluble of the stibiates, though 
its solubility is not very considerable. The precipitate which 
is first formed is again dissolved, until a certain quantity of the 
precipitating liquoj^ has been added. The precipitate is red 
flocculent, and contracts, after a time forming crystalline grains 
of a rose colour, which are deposited mostly on the sides of 
th#vessel. When exposed to a cherry red, it loses its water 
of crystallization, and is diminished precisely one-third of its 
weight. The stibiate deprived of water is of a deep %jolet 
blue. By heat in an open vessel it becomes of a blackish 
brown, probably by the increased oxidation of the oxide of 
cobalt. If what 1 have stated of the^ capacity for saturation 
of the stitnc^acLd be wcH founded, this salt will be composed 
of 53) acid, 14 oxide of cobalt, and* 33'Sr water. 
The oxide of cobalt*contains 2*99 p. oxigen and 29*39 

water. 
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witef, Hiat is to any, scarc^y different ffom ten times at 
moeh. 

SHBias cupTtcus forms a green precipitate very volnminous .^biate of 
add perfectly insolnble, which, after drying, has a very pale copper, 
vordigris colour. When exposed to fire, it loses about 19 per 
cent, water of crystallization, and becomes green. Heated 
before the blow-pipe upon charcoal it is reduced with a lively 
deflagration, and produces stibiuip ciipri in form of a metallic 
globule of a very pale copper colour. 

In a solution of corrosive sublimate the stibiate of potash 
at first affords no precipitate j but after some time the mixture 
deposits a grey yellowish very light mass, which, for the most 
part, remains suspended in the liquor. The filtered solution 
does not contain the smallest share of stibic acid. 

Will it be necessary, in this place, for roe to remark, that the Tliese com- 
compounded bodies, of which 1 have here given a superficial pounds are ^ 
description, were, in fact, chemical combinations, and not pre- turcTlIntS^* 
cipitates, formed at the same time and mechanically mixed to- combinations, 
gether? Their crystalline appearance, their solubility in water, 
as well as the circumstance, that the stibiate of magnesia pre¬ 
serves its colour in the air, which could not have happened if 
the compound bad been a mere mixture of the oxides of anti¬ 
mony and oP manganese, prove that these substances were 
actually substances analogous to salts of sparing solubility in 
water. 

The stibic acid, in common with other weak acids, has the Stibic acid as 
property of combining with stronger acids, to which it performs ® 
the functions of a base in the same manner as the boracic acid 
does with the sulphuric and the fluoric, and as the carbonic* 
and the arseniqos acids do vPlth the muriatic. The stibic acid 

• 

’ * Mr. John Davy, a distinguished English chemist, has diiuiovered a 
com|||iiation of muriatic *and carbonic acids. He produced it by 
passing electric discharges through a mixture of oximuriatic gas and 
gaseous oxide of carbon. The two gases combined in equal volumes, 
and did not then occupy miire than half the space they occupied be¬ 
fore. The excess of oxigen in the oximuriatic gas is precisely the 
quantity reqnisitd' to convert an equal volume of gaseoug oxide of car¬ 
bon idto carbonitf acid ; and, according to calculation of tfic com- 
positien of Uie muriatic acid, it is found that, in this Hew combination, 
the nuiriatic acid and the carbonic acid contain an equal quantity of 
oxigen. B. 
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» slightly ^dissolved in Uie coliceotrated muriatic acid. ^ Th« 
Bolntion is yellow, and affords a precipUate by the addltl^^ 
water, whtsh is a triple combiiiation of th^muriatic aud ;|^bie 
acids and water. If thisbe brii>k!> heated, there is a disengagement 
of oximuriatic gas, (superoxidum muriatusiim) and a whsta 
oxide remains. If, on the contrary, it be healed slowly, muna? 
tic acid is disengaged, and the acid remains of a yellow colour. 
In some instances it is obtained partly white and partly yellow. 

0. Combinations of the stihious acid U'ith saline hoses. StibiiteH, 

I fused together th white oxide of antimony and caustic 
potash i the fq»"mer in excess. The fused mass treated with 
cold water, produced a weak alkaline sohilion, and left a white 
powder undlssolved. This powder exposed for two hours to 
the action of builfng water was in part dissolved, and (he solu¬ 
tion greatly resembled that of flie stibiate of potash. The 
acetic acM, as did also a current of carbonic acid gas, produced a 
white precipitate, which rr-acted like an acid upon vegetable 
colours, and when heated over a spirit lamp alForded water, and 
Irft a white oxide which inclined a little to yellow while st IN 
hot. I am disposed to think, that this last circumstance was 
owing to the formation of a small quantity of stibic acid, from 
that action of the alkali and the heat, because the pure white 
oxide does not become yellow by heat. I, therefore, consider 
this precipitate as the combination of an acid with water, 
and as this acid has antimonium for its base, though it contains 
less oxigen than that which X have already described, i sliall 
call it acidum siibiom/n, and the combination with water, stibm 
hydrieus. 

A solution of the neutral stiblite of potash being decotnpocMsd 
by nitric acid, produced 4‘6 grammes of stibious acid ignited by 
the fire, and 316 gr. of nitrate of potash welt dried. These 
are equal to 1 '^gr. of pure potash, of which the oxigen is 
0'24S2. The oxigen of 4*7 gr. of the stibious acid is f‘025 
and O 2482X4-s=:0'992& *, whence it appears that the stibious 
acid, has the capacity of neutraliaii^ a quantity of base of 
which Ih^oxigen is one-fourth that of the acid. 

Tbq stibifs kaheus* must therefore be composed of , 

• Stibious acici* - - 766 - - fftO’OO ' 
Potash - - - - 23‘4 - - ^0‘55 ' ' 

* The calx autiiuonii clatii is, ^ fact, a snpcrstibiis ksdlcus. 

The 
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stihiis laryticus is slighily soluble in water and does uf barites, 
noi cbiAge by the action of the air. If a boiling solution of ^ 
stibiite of potash beiet fallen drop by drop into a bdlliog solu¬ 
tion of mnriate of tiSrites, the stibiite of barites crystallizes 
gradually on the tube, in the form of small white needles of a 
silky brilliancy. 

The stibiis kalicus forms a crystalline powdcr> which is 
while mtd very litUe soluble in water. 

The stibiis phunbicus perfactly resembles a stibiiate of the 
same base. The stibiis manganosust ferrosus and zmcicits like¬ 
wise resembles the stibiaie. with the same bases^ but they are 
rather more sulnble in water. 

The stibiis cobalticua is considerably soluble tn water. It of cobalt, 
precipitates in the form of a volnniinous lilac powder, inclined 
to red, and does not assume the smallest appearance of crystalliza¬ 
tion by drying. When healed, it lo-jt-s one fourth of its 
weight in water of crystallization, and becomes greenish grey. 

If a neutral solution of cob.ilt be precipitated a stibiate of 
potash, which contains potash in exce-js, a violet precipitate isi 
formed, which is still more soluble than the former, and appears 
to be a suJbslibiis cobalticus. 

. Stibiis cupru'us is a powder of a very pale greenish blue, copper, 
perfectly insoluble in water. When heated it loses its water of 
combination and becomes green. A stibiite of potash, with 
oxoess of the latter precipitates the salts of copper of an apple 
green, resembling the arseniie of copper (Scbcele’s green.) In 
tlMt tire it becon»es black, and when pulverized it assumes a 
yellowish grey. It appears to bo a substtbiis cnpricus. 

We liave seen, therefore, that antimony poisesses the same xhus anti- 
pre^erty molybdona, sulphur, pliosphorus, aml,a*t»te’'®‘>oy bas^twe 

to .produce difterent dogreeSv«f oxrdation in its acid, and that aculification 
the saline combinations formed by these two acids gieaftly and can act a« 

^ ^ 'ft 

resemlfie ouch.other, iu the like manner as U has been long 
proved in chemistry, that there are arseniates atid arseniites. 

An^iftH>Uy aho bas,tl)e aoa^pgy with suipbtur, of prochwing a 
Satiable base, which ;eomtMnes> the imiriaiie ac^, but 

which i s ^s ily serrated hy w«deF> with which, the ^eid qpm* 

as-it is. a. ntore pcrvUrfol b|pe fhai^ thosv 

««ldC9- 
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8, A partkular phenomenon produced ly some of the siiMaies 
^ and stiiiiles^ 

Remarkable Before we quit the oxides of tliis I shall raentioo a 

8ome*onh” phenomenon which several of the stibiates and stibiites 

conipoands. possess j and of which the explanation throws very great light 
upon the theory of chemistry. 

If in a sn^all crucible^, or spoon of platina.» the stibiate or 
stibiite of cobalt, copper, or zinc, first deprived of their water of 
combination be heated before the blow pipe at a certain 
temperature, id takes fire and burns for a few momeats with an 
extremely vivid ignition. After cooling, the mass is found to 
have undergone a very remarkable change. The stibiate of 
cobalt becomes of a pale red, or rather a brick colour ; and the 
stibiates of copper and of zinc are both white. 

As the two metals which are in these salts, have been carried 
to the highest degree of oxidation, this phenomenon cannot be 
explained by an ulterior oxidation. The stibiates which, before 
this operation, were very easily decomposed by stronger' acids, 
now resist their action. The most concentrated muriatic acid, 
no longer decomposes them, and if it dissolves a small quantity, 
it takes up the acid and the base alike. Nevertheless, after 
continued digestion for several weeks, it appeared to me, that 
these substances had undergone a partial decomposition, though 
not to be compared with that, which, before the ignition would 
have taken place at the first instant of contact with the acid. 
The concentrated muriatic acid, does not devek>pe the slightest 
trace of oxymuriatic gas, which proves that the metals are not 
in an higher degree of oxidation. 1 have not observed any 
similar effect in heating the stibiates of potash or of the earths, 
neither has this ignition appeared4n thp stibiates of lead and 
manganese, thoqgh by the action of fi^e they became insoluble 
in acids, and the stibiate of manganese resumed its ordinary 
white colour. 

If either antimony in powder, orfthe stibious acid be mixed 
with the^ red oxide of mercury, and exposed to the fire, the 
•ntiipony produces a detonation accompanied with vivid ignition, 
metallie mei^ury lilos in vapour, and tbef^ remains a vedj 
Voluminoas powder of a deep olive colour. I at first supposedl' 
that this powder, which had undergone strong ignition, and 

consequently 
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eonsetjuentJy should not contain mercury, was a 6i?pero]iidam 
Stit^um. I endeavoured to decompose it in a small retort to 
dta^gage the excess of oxi|enj but to my grea|; surprize 1 
found mercurjr*, condensed in the neck of the retort, while the 
colour of the powder became changed lo yellow. I endeavour¬ 
ed, therefore, to decompose this combination,* by means of con¬ 
centrated muriatic acid, with which I kept it in digestion. The 
acid in fact dissolved n small quantity, but, on 4>lutli)g the 
solution wiih water, the greatest part was deposited. Tho 
precipitate thus formed was greenish grey, and appeared to con¬ 
tain less oxide of mercury than before. The portion not dis¬ 
solved by^hc muriatic acid, still preserved its colour and all Us 
properties. I separated the acid from it, and washed it very 
well, and afterwards dried it by heat approaching to ignition. 
200 parts of this dried combination exposed to a moderate heat 
in a glass retort exactly weighed, until nothing renialned in the 
i:etort, but the yellow stibic acid lost by this evaporation 31'5 p«^ 
in weight, of which I found 29 p. of metallic mercury in the 
neck of the retort. The receiver contained oi^igen gas j and 
therefore, the loss of 2*5 p. must be attributed to this gas, and 
corresponds very nearly to the oxigen required to convert these 
29 parts of mercury into red oxide (the exact quantity needful 
being 2*3 p.) J'he stibic add which remained in the retoit, lost 
in a still stronger heat 6*5 per cent, and became converted into 
stibious acid. This experiment appears, therefore, to prove, that 
olive colbured substance contains nothing but the stibic acid, 
and the red oxide of mercury j and it appears that the stibiate 
of mercuiy had undergone, at the ihomeut of its formation, the 
same change as the other metallic stibiates 1 have mentioned do 
by ignition. 


(To l/e continued J 


J^xlract 
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VIII. 

Chemical Examination of a Variety of Fo^^il Natron, or Na* 

five Carlonateof Soda, lateh/ discovered in South Ameriia^ 

By Ameuico CABitAi. de Mei^lo. 

i P' 11 '"HE native caibonate of soda, of v'hicb I subjoin an ana- 
-It lysis, ha!> lately been ciiscoveied in the vicinity of Bue¬ 
nos Ayres, and considerable f|}uautities of it have been iiupoiled 
into this country. 

It occurs in compact, solid, stratified masses of fioni two to 
six inches thickness, deposited upon a bed df clay, strongly 
impregnated with common salt. 

It exbibitarno vestiges of crystalline structure. Its masses 
are granulous, readily broken between the lingers, and of a light 
yellowish grey colour. 

It is readily soluble in water, and scarcely leaves any inso¬ 
luble residue. 

Experiment 1. A solution of the Brazilian fossil n.ntron, 
containing of TOO grains of salt, aAvii*having been neutralized 
hy nitiic acid, lost 44 25 giains. • 

2. In this solution tntratu ol baiytes was d*-opp€d till no farther 
cloudiness ensued. The obtained sulpnate of barytes weighed 
four grains, which are equ.ii to 1 26 grains of sulphate of 
soda. 

3. To this diud, from which the sulphate of barytes had 

been separated, nitrate of silver was added, till it oeeusiotied 
no farther change in the solution. The produced muriate of 
silver, after having been dried at ^a heat short of its melting 
point, weighed twenty grams, indicating 9'25 grains muriate of 
soda. * • * 

4. To learn the quantity of water of crystallization contained 
in this s.)lt, lOO grains of it were ignited in a platina crucible 
ibr one jionr. The mass, which was of a porcellaneous! ap¬ 
pearance .when cold, was dissolved in a weighed quantity of 
nitJic'^cid to ensure ^he complete expulsion •of tbl^Mrhollic 
acid conUined in the salt ; and from the loss of weight which 
the IQO grains of fossil natrot^ had sphered, • after having de¬ 
ducted 
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dacted'tbe qaiaDtit){ of carboni) acM belonging to i<^j as deter¬ 
mined in eifperiment 1 , its proportion of water of crjstalliza- 
tidp was found to be 20*75 gfeains. 

From this statement it therefore becomes evident, that the Sammary of 
composition of 100 parts of fossil natrd'n is as follows; parts””* 


Carbonic acid. 44*25 

Soda. 24 25 

Water of crystallization 20*75, 

Sulphate of soda . 1*25 

Muriate of soda -.. 9*50 


-i- 

/ 100*00 


Muriate of platina, and several other tests, indicated the 
absence of all foreign bodies in ihe solutions, expts. I and 2# 
which, after being evaporated, yielded pure nitratq of soda. 

This variety of natron, when exposed to the atmosphere* 
does not, like the common sub-carbonate of soda, obtained bf 
artificial processes, effloresce, a circumstance which unques¬ 
tionably must be attributed to the comparatively small portion 
of water of crystallization which it contains, and to the com¬ 
plete saturation of its alkaline base with carbonic acid. 

5, Ifiassau Street, So/iOj 
April 13fA, 1813. 
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On the Sensation and Perception of Plants. 


To M^. Nicholson. 


Sir, 


I AM induced to offer a few remarks on the undecided 
question of the existence or non-existence of vegetable 
sen^ion and perception,, ' though I cannot, for my o^vn part, 
even give an opinion on a subject in which so much discussion, 
and so Bttddy opppsiug arguments and factf are involved. ^ 

:I conj^s 1' think, that the circumstances of the tendrils Motion or 
beiidiog' toward» neighbouring supports, and their twining J®*1**1® « 

> ,^ 01 .. XXXV.-No. 161. E round 











bo^es withiiv tf)etr reach«^OB w2iic!ifftmiii& 
•****^ been kid tbe advoees^ of Uie exkkoee of ‘ 
mittiiig seiua- perception aad sensation in plants, have been i»ofe> ^ttst 
bou. plausibly ab’^east^ if not satiskctorlly, ac^ntcd. for Mr. 

' ' Kniglit, in bis excellent^per OB the subject^ in the 

pbical Transactions for 1912^^ in which he attributes these 
cifects, first to the action of light on that part of the tendril 
which is exposed to itand, secondly, to the pressure which is 
made on one Side by the substance round which it twines, and 
the consequent expansion of the opposite part. 

Apparent irri- The excessive irritabilityt (as it has been, I think, errone* 
tucc'^^ opsly called) 6f many plants, the lettuce, for instance, has 
also been often adduced in proof of the sensitive power of' 
vegetables, though 1 must say 1 think without; vvy reasonable 
foundation. "I beg leave to submit, whetlier this supposed 
effect of irritability may not arise from the fdlowing cause : 
During the period of dowering, the vessels are so distended 
with the proper juico of the plant, that a considerable pressure 
must take place on all sides ^ so that when the »plant is 
wounded, even in the slightest degree, the dald finds''^ an iiQ« 
mediate, and frequently a forcible, egress. When the disten* 
tion (if I i:^y use the terra) is very great, the juice bometimea 
bursts out spontaneously, and without any previous wound 
whatever. 

Cantiiciuo* I merely submit this for the consideration of lhos$ who 
tion or jiiiniosa greater oppc 'lmiitles for observation, and are more iiitf* 

very seiiitive mately acquainted with vegetable physiology. Yet allow me 
plams be tx- to ask your correspondents one •question — How can we, but by 
put sensation e the existence of vegetable sensation, account for the 

powerful motion of mmom sensitmi, m. niioctiu^ and many 
other extremely sensitive plants ; and, indeed, numberless 
other phenomena which f should be very glad to see once more 
fairly and ably dfiKiUssed ? « 

I am. Sir, 

Your obedient Servant,. 

i»oo/e, Jpril 6th, iai3. T. & 
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€ki the Fteparatfon of Fam^^'rees for 

the Duration \f TimSer. CornTnunitaieifl^'li^^* 
ikYHikK, of the Navy. (From bis ** FatcuBSOR***) 

.j ^ )r^ <f> » t* 

f H "iH* jialces of a tree being, like the blood of an aoiinBi^ 
JL essential to vitality, but tending to corruption imme¬ 


diately after dissolution, accounts for the well-known fact, 
that tbe duration of timber is in proportion to the quantity and 
natnre of the juices contained therein at tbe time of fellin|; 
and when brought to use. It is, therefore, obvious, that by 
withdrawing such juices or blood from a tree while standing, 
the oak (as ^expressed by the celebrated Roman sarchitect Vi¬ 
truvius, and by Plinywill acquire a sort of eternity in its 
duration.” But gs neither the mode mentioned by those cele¬ 
brated ancients of cutting a kerf round the bottom of a tree 
while standing, as performed in Bengal, or the one suggested 
by Dr. Plott, of decorticating the tree, leaving it standing, as 
practised by the natives of Malabar for ages, will effect this 
desideratum, 1 made the following analysis : ‘ 

On the istof June, IS 12,1 made experiments upon grow¬ 
ing young oaks, one of which, that had been operated* upon, 
was fTonverted the next day, increased in strength in the pro¬ 
portion of 436 to 609 , and when doubly preparet), to 84ff. 
And, as a test of comparative duration, 1 made extracts from 
the heart and sap of the same tree in its natural state, and 
Virhen prepaied. The following is the result: 

1. The sap, or embryo wood, in its natural state, speedily 
concieted, and mucor or mould was formed in fourteen days. 

2 . The heart, in its natural state, contained much less putres- 
cept matter than the embryo, bat a larger portion of gallic 
acid, and acrimonious liquid. This extract had a smell like 
fetid ditch water, and mucor tfas formed in forty-nine days. 

3. The heart of the prepared oak is petfeetly sweet to the 
smell, fnd has no other appearance but a pellicle from tbe 
glutinous matter contained in the wood. 

4. The embryo wood ofothe prepared part has the same ap¬ 
pearance at the heart, being equally free from any symptoms of 

ptiaafactlnn- * • 

^ ® 

* Ttus oak, ffoM the wetness of the season, contained O'laths 
hiffutd: bift ingcneial I have Iboildd-lltbs in June, 
and,^Iths'ffr January, to be the ijuanllty of ffuld coBtaiaed ia Jgtaxr- 
ittg&aks. fi St 


On foe fonra* 
bilityand lae- 
horation of 
timber for na¬ 
val constrne- 
lion. 
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Oir Qn, ib«» nwit dajr I proca^ed to verify the ftcU before « 

SflSvttiyjr^ foard of tA^^ricitltQve, eofubting of several 

timlMrftNp«Mi> members of both Houses of Parliament, who expteised e 
riniir*'^*^ IHMfy:iiMeteil Ob the occasion : the following is the sobsta^ 
ef eaainale made by the presldwit at the tirpe. k 

Board of Agriculture, JuneH, 1812*. 

The Board adjourned to examine some expeviments made bjr 
Captain Lv^hum, on the preparation of forest trees for imme* 
diate use on being felled, by which the specific gravity is di« 
minished, and the sap (or embryo) wood rendered useful, as 
well as the strength and duration of the timber considerably 
increased. The following is the result, from pieces one foot 
in length and one inch square. 

1 , Poplar (Lombardy) cut from a tree in growing state, 
broke with 3361b. 


2 . ^plar (Lombardy) counterpart piece of ditto, prepared, 
in three hours bore 368lb*. 

3. Seasoned Engltsb oak broke with J^84lb. 

4. Seasoned Eoglish oak, prepared, bore 902 lb. 

" This piece, when broken, proved to be naturally defective 
internally ; but a sound piece, prepared by Captain Layman, 
appeared fo have sustiuned 10071 b.*’ 

5. Sap or embryo wood of tjek, prepared and preserved, boro 
paolb. 

C, Counter part piece of ditto, in its natural state, broke 
with 3361b. 

7 . Common white deal, in itipnatural state, broke with 
3391b. 

8 . Counter part piece, prepared and preserved, bore 3081b. 

Note. Speci(pens were produced by Captain Layman to the 

Board, of the matter producing the decomposition of wood# 

. On the 23d of July following, 1 made experiments ab the 
Navy ^ce* 

No. 1 . Dry rot timber (Canada oak) of the Que^ Char* 
lotte, as received from the Navy Board, July 18, 1812. 


< 4 

* This expel tment was made to show in how short a fiiqe vppd 
could hf piepared for use fioni a Krowing tree; but a yt, smnding 
WejinouUi pme, uhidh was experimented upon with a view to masting 
timber, and which was three days in preparing, had amtoafyitt 
IS eight reduced, but its strength increased from 243 to 4S0* 

2. Ditto, 
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^ % Bitto, ditto eoMd*. 9n 

3. Dry rot, andsonnd tmtm (JfiBgiiBb BfMtiM«Mvnw«id ^ 

pitch ptoe) of ditto in its common state* « / liaiberfav 

4. Connter part pieoss of ditto, prcs«fCMi-*>The ihM MU ?!?&!?!!?- 
pat into bottles, ^and sealed np by the Nvrf Bosftf i om 

srhidb was afterwards cracked, and the wood pat into anotbcf 
bottle, which, with its connterpart, was reseat as at pieseot. 

4ir A pime of English oak, broke with 228lb^1l^ was said 
to M a bad specimen, but it was a counterpart ti whitt the 
Gloeen Charlotte was framed with. 

6. A piece of sound English oak prepatid pnd pretervti 
bore 8101b. 

7 . A piece of Canada oak; of the Queen Charlotte, in its 

BBtaral state, broke with 528lb. * 

8. A piece of ditto, prepared and preterved, bore 6001b. 

9 . A piece of pitch pine, in its nainnil state, Iwoke with 
6;2lb. 

JO. A piece of ditto prepared and preserved, bhre 8341b. * 

As from V. to X. were brcdcen by a lever pf 5 powers, 23lb. 
sboold have been added to each. As the wdghi of the scales, 

Ac. was SB to 5f. 

These pieces were sealed up at the Navy-olfioe, and remain 
in that state. ^ 

Upon this principle, increased duration and strength was 
given t6 teak, sissoo, and saul; which would be a great acquisi* 
tiop to the attstliary aid required for our Navy, But the most 
important reialt if, that trees of our own growth that succeed 
on the poorest soils in Great Britain, which will not produce 
com, am rendered very superior to any foreign oak imported, 

Md preferable to the best English oak in common use for boil 
timber ; and although some •species are naturally weaker and 
Asavier than foreign spars, they may be so prej^red as to admit 
of beii^ made into masts, yards, &c. smaller^ lighter, stranger, 
and infimtely more lasting, than those made of American or 
even Buasian fir. «« 

Ulus fiirnishing the means to construct durable ships of 
BHM materials from the keel to the truck, • , 

* I p|st here repeat wbat I observed at the Navy Board at the 
fiaae, ** M prevention is batter than cure.” 
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, Jksd «Bil 3 r 70 Jlood would n^Mad^Vl Oajfl^ira<i 

QMlbl^at ih«i4fnber ft: for imtoediate 

IftntA tlie meaoft to do away tha^aste of add loas of timber for 

Utne aod osoney that take pia«s in wbat is teraldi^ -sMsan^gt 
particularly in liis Majesty's dock-yards,* .ei||hcr wfaeiiai stroctiotw* 

fiamed, 

t e aiih can be reduced to that of the Russian fir $48, and 

e sU’ength of the ash increasing in the "ratio to the Russian fit as 
1^5 to 656, it follows tliat a prepared mast of the best RngHs'h ash -of 
only half the size would be stronger and tighter than one mad^ of ^ 
Russian #r, and the advantages over American s^ars wonld he still 
gi>eater. 

* As the Norway maple admits of such great increase in strengtii 
and duration, a\)d will succeed in exposW marine;, sitiuOiom where 
no other trees will, it deserves particular attention. 

$ British larch, although a tree of rapid growth upon a sterile 
soil, is, from a large portion of parenchyma substance, weaker and 
heavier in its natural state than the Riga or even American fir ; yet it 
may be rendered superior for spars, or any other purpose foiwarhieh 
foreign deal is iinportcdj]. 

f Malabaib,teak used in 8hip*bnilding may be said to undergo a kind 
of preparation, as at Beyponr I found the weight of a very fine young 
teak, when cut down with the bark on^ to be equal to Glthe. per cubic 
foot; whentlie timber of similar trees decorticated for two, three, and 
swnetimes fom» years before felled, tv^as only 44l6.v. per ciilnc foot, 
which operation is performed by the natives, in order to rrdnee the 
specific gravity fur the purpose of more readily floating the trees down 
the river, but it also dimimslics the strength, allboiigli it increases the 
4linrtion. 

9 By papers ptesetfted to Parliament it appears that the expenditure 
«f foreign spars for masts, dec. for the Navy, from the I5tli of May, 

*804te ttie IdtbMay, 1805, wmj^ 7,069 ^ since which period the con* 
mimption is increased : and the sad iiMtance nf tiie Gnerriere*s mam- 
mast going by file board, teUkaut btiag' struck a sia^te shot, and to 
wdneh the anfortnuate captnref of that fine frigate by the Amcrieau 
IHgate Constitution* was attributed, is a proof that the quality of masts 
and (t can speak with deep regret) yards,t is not improved any more 
than bntt timber. 


* For the comparative fddee of English and Amcrienn frigaUs, &c, 
tee the Precursor, drc. just published, • 

V^ve^l^-yard of the Raven broke in the slings, or thS vessel wonld 
w^'kavc iiieen wfecked. • * 

*1 have tried eighteen different methods of prepaiing and seasoning 
tod with only one exceptilii, ibiiod the mode or rather the 

custom 
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SHIP Tm».m^ 


.Oil the dwti' 
hiiity aud 
inclioraiion c 
timber ifbr 
nainlcon- 
itraetioiM. 


pSt 7^^ more eiloneouf« by t!ie timber 

f itjaa thu^e practised. For as not only the^ c^uae of dec^> 
but of shrinking and )*ontj^ would be removed, it is obvidus 
that the timber for buiimng a ship, or for any other purpose, 
might l|e readily ^rmedon the spot where produced, exclusive 
of the saving in carriage or freight of at least one-half. The 
timber, altbongh converted in different parts of this country or 
the world, would be ready to form parr of a ship the instan^|t 
was delivered into the arsenal of construction ; and as the 
decomposition of timber commences from the moment a tree 
is cut down, a ship so built in six months, in a dock or slip,under 
cover, would be much more lasting than one six years in build¬ 
ing*. And if the plank, after being prepared, was brought to 
and combined to the timbers without being tfansver&ely per¬ 
forated, it is clear, that if the timber was properly moulded, the 


eiMl^ ia use in his Majesty's dock^yards to hu the worst.—In 1805, 
the late Mr. Alexander Mackonocliie pioposed a scheme for the 
rsady seasoning of timber, in depriving it of its oxygen |iy the means 
of condensed steam, whicii would leave a vacnuiti, and thereby draw 
out the fluids from the wood, that when so freed if plunged into oil, 
their re-entrance would for ever be cffeobially precluded, and the 
strength of the wood found to be much iiicrcasdd, ^ well as the 
timber not only innnedialely seasoned but preserved in all its pristine 
state.”—This appears very speciouc, but had the iugenious theorist 
brought it to the test, it would have been found to promote a teudency 
directly opposite to what was proposed—Some months ago, the princio 
pie of impregnating timber was again renewed, as^n a work of con¬ 
siderable cniiuence, published in September, 1812, it is stated 
** Experiments, wc niiderstand, are now making at Woolwich, on the 
spceily seasoning of timber, by stowing some hundred loads in a close 
kiln, and introducing, by means of a retort filled with sawdust, an 
oleaginous substance. The idea is ingtenious, but we augur no useful 
results from the experiments themselves.”—The uiifortnnate result k 
short time after is well known ; for although, owing to a parUdilar 
circnnistanee, an active ingenious penon was employed, an explosion 
took place, by which, exclusive of the damage, several men were killed 
and wounded. * 

* Tlie lively frigate was 5 years in building. The Queen Chartotte, 
100 guns, 7 years. The Impregnable, 90, and Revepge, 74^1# yekn. 
TheCal^onia, ISO, 12 yean. The Hibernia, 120, 14 yeva. The 
Ocean, 98, 15 years. 
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woold’ Be' libuch stroDgCT tvtth at leaft eijj^e-tCKurt^; On tie dnni'’ 
wdod j and not €mly would the building of the shi;» *“"**’i*elior«^ of 
facititatodj but In the event of requi^g to shift either timbers tiinbeirfe», * 
or'{>laDk, from accident, it mighttte done as ^simply as shifti*^ structions'^ 
the stave of a cask. And if ships so consti^cted, wbbn cot 
waited for active service, had the masts taken out, and were 
placed in a covered dry dock, and kept well aired by^opening 
a|^nk or two on each side the bottom, 'the duration would be 
infinitely iucreased. 

The benefits that would arise by btinging such resources into 
action, and rendering ships of war more lasting,(,tbereby reduc¬ 
ing the consumption of timbeiihid all other materials, with the 
saving in workmanship, require no comment. I'be great 
political object ^ould be obtained of having ships at all times 
ready for service, when those dortstmeted pf perishable 
materials wSce rebuilding or repairing. For if the duration 
were in future doubled, it is evident that not only half the 
nbmber of ships would be required, which might all be 
structed in a Eoyal huilding yard,andbalf the expence of building 
and repairs oh sbipa would be saved, and all other fabrteks in 
which timber is used, the amoont of which by the Navy 
Estimates for 1813 is 3,@673000l. And as the consumption of 
timber would afed be reduced one half, only half the quantity of 
land would suffice to support our Navy. 


XI. 


Extract Jrom a Memoir upon the Deliquescence of Bodies, ly 

M. Gay Lussac*. 

9 

O N the lytb of May last, I communicated \o the Society of Tihie deli- 

Arcueil, some observai ions on the property of bodies to gnt-^ceiicc of^ 
attract the moisture of the air, which chemisis distinguish parti- re;iulai”y* 
cularly by the word deliquCscence. This property, though it still enquired into, 
requires examination, may be referred to general principles, 
according^ which it can easily be. determined what are* the 
bodies which possess it, the variations t5 which it is subject; 

* Aonales de LXXXII, 17i. 

according 
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WiietlMrA 
«bo4^ be 
deUqiienernt, 
H shewn by 
placing it in 
air periVctly 
humid. 


Eoecq^itig to the tetnperatitre and the degreeetf ihe hjr]g[roEsetor 
at which it begins to be apparent. 

The ddtqiwscence of^ body being da|>endatit on its afhfthy 
for water* and tli.e edect of tbis affinity being to diminish to a 
oertaia point* th|| elastic foroe of the vapour* cootfrined itt a 
determinate volume of air* it becomes very essential* not ooly 
for ascertaining whetlter the deliqnesoence can besdiewn* but 
likewise to obtain comparable results* to place eadi body in an 
atmosphere completely saturated with humidity. By this means 
it is shewn that muriate of soda* 5ngar*fifc. are very deltqtie«;ent; 


that nitre itsqjf and many other bodies, in wbidi tbis property 
has not been supposed* do possdUlt in a greater or less degree. 
Tlip lU groe of Tliis method does not determine the degree to whicli a body 
<)diqu('st.'< ncn dtdiquescent j but to ascertain this, weVtost take notice* 

that since the deliquescaEcc of a body depends on its affinity 
for water* md that affioity is itself singtiiarly modided by beat* 
U will be necessary to consider each temperature in particular, 
is dctrrmiiu’d jfbppose* tberetbre* that it were required to determine the 
auvbleli degree of deliquescence of any solid* or liquid body* in air 
^ntllratr‘d .so!u> saturated with moisture at the temperature of 15 degrees 
jj. centigriule (5g F.) If it be solid* the body must first bedis- 
tliaii solved to saturation* and the solution afterwanls boiled. If 

(3J2F.) which 's the Doiliog point of 
and inorr hu pure water* the body will not be deliqu^cent j but if it boil at 
tlic higher; ^ higher degree the body will be more deliquescent in proper* 

lion ns the boiling point is above iClO*^. Thus mnriate of soda 
will be very deliquescent in air saturated with /lumidity ; for its 
snlution in water at 13'* does not boil* till it has arrived at 107°*4 


(225 F.) Nitre will be likewise deliquescent* but much less 
tJian salt* for its solution at 15^ boils at 10U*4 (214*5 -F.) 


Tlir boiling 
points do not 
ghe tlie 
fli'giftfs of 
d« liqiM'5Crr.cc 

qoitt strictly. 


* 1 rnnst here arrmerk, that instead cf takmg the boiling pointef 
each liqtikl* it wonlU be mon* exact to take that of the tcnst^Ai df Its 
vaponr, at tlie precise tcmperatarc at which the deliquescence is 
required to be determined* because the elevation of (he boiling point 
is not I'Toportional to the quantity of sa^t held in sohitiou. A sinq^r 
method iwnst necessarily be used to determine the force with Which 
solid bodies attract the vaponr of water, without any of idate 

sucei'eAing* as woidcl happen with regard to lime ffid the sidts de|Mriv> 
ed of water of crystal lizntion, I eater folly into this subject in the 
Memoir. 

* 

Experiment 
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\ E«pw|weot %B« petfeedy %rces with th^y j bat in -order “ 
to die«r mamfestly die deliqaeacence in such other bediefl as 
wn^tlso HFeskly doliqtiescentj a sm;^ separate portion of each 
must be taken. These Drill be complete!]^ melted, whereas -- ' * 

liaiger crystals would simply become or liquify very 

slowly. 

It. is'Ofl^ to ccwceive that it must be important to attend to 'Hie tempera* 
the temperaiure; for as heat greatly favours the combination of 
sabs with water, the boiling point of each solutkm mast vary quenco. 
accoeding to-the temperature at which that solaiion was made. 

Xhus ni^, which is weakly deliquesceat at and of which 
the saturated solution boils at lOl ,4 would be very deliquescent 
at the temperature of 100", because its saturated solutiou made 
at that temperaVure would not boil short of 110 ' or 112". 

.^The acetate of lead, and corrosiil^ubliniaie, do nut sensibly ^ lU.s not 
raise the. degree of the boiling point, and accordingly tlwsy are deliquescent, 
net at all deliquescent. 

In determining the degree of ebullition of saline of* acid Hc>m»rkubt« 
liquors, 1 have observed a very singular pbenumenou which ‘ that the 
deserves to be known. It consists in the fact, that water ami of 
other liquids boil later in a glass vessel than in a metallic vessel, diili i cul in 
unless the hlii^s of iron, copper, or some other metal, or 
charcoal powder, or pounded glass be mixed with it. The vesbch. 
ditfii^ence of teiiq>erature with regnid to water, is as much as 
1®,3. (nearly 2® K.) and sfimeiimes even m-re. This fart is of 
gteai; importance in the graduation of thennoraeterh, between 
which such adilTerenoe might exist in inslrumei rs made with 
the same care, provided the upptM* point of the one were i ;ken 
is a gitsa vessel, and that of the other in a metallic ves^.t.!. It 
is (roe that if attention be paid, not to plunge the bail of the 
thernoometers in water the difference will be le-s*. 

, h«ye Idtewise ascertained that there js nj salt wln'ch 

, , , , . . ’ . ^ 'i<’n «’f’'cs the 

ptoswaei„jh©tptoperty of lowering the boding point of water, h,*, 

though JVlr, Achartlhfls asserted the contrary. ‘’f • • 

: Wiheu wo bave aseertaUied the degree of ebnllition peculiar -j 

, ° ‘ trra-Jii . ^ of 

tof'cach saline soUition, by means of which we sc^^ire a ti' ce 


" ^ Jibe method preicnbed by thn Coiiiinitfce of tlio Koval Society, '‘jji; ' 
ISiat tht 'Kofting poiht ShouW he taken in steam, woiilj i'fcmo\ e this - 
apparent iwegahtrity. N, •; tli 


measure 
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DELIOUESCENCS OF 90BIES. 


mmsuip of the deliquescence of the ralt and ^ ftHohy 
waterj we may proceed farther and determine at what degree ef 
the hygrometer the deliquescence begin#^ to take place. For 
this purpose jt will be sufficient to place the hygrometer under 
a glass moistened .with the saline solution, and olnerve the 
- degree indicated after some hours. In this manner it will be 
found, that with a saturated solution of muriatof soda at 15* 
temperature, the hygrometer wilt stand at 90 *, and that with a 
soluiiun of nitre also made at 15* it will stand at about 97 % drc. 
Instance in Hence we may conclude, that muriate of soda will not be 
roramon salt. t}eliqaescent be]^)W 90 ® of the hygrometer j but that it will 

begin to be so at that term, and will become much more so 
above it. When a table shall have been constructed, indi* 
eating the degrees of the hygrometer, correspofading with the 
temperature of ebullition ofin certain number of salts, we 
determine the degree, cf the hygrometer at which all the others 
will begin to be defKjuescent, provided we know the degree of 
ebullition of their solutions in water. 

I need not observe, that w^hat relates to the deliquescent 
salts, is likewise applicable to all the solid or liquid bodiek 
which liave an affinity for water. According to these princi* 
Sulphiuicacid, pies we shall find, that concentrated sulphuric acid can take 
from air completely humid, more than fifteen times its weight 
of water. And from this property, which different saline soln* 
tions possess, of exhibiting different intensities at the same tern'*' 
perature, it is 'easy to determine with precision, for every tem*^ 
perature and degree of the hygrometer, the quantity of vapour 
contained in a given volume of air; a result which Saussurs 
could nor obtain, notwithstanding bis accuracy, because his 
processes were imperfect. 

Method of dc> 1 his method, which I have already pointed out, consists in 

leniiiiiing the taking liquids, from which nothing is separated by heat hot 

viponr in ail <=» .. a • ^ 

ofdidtrent water, and boiling them at very different temparatores.^ rot 

temperatures, example, sulphuric acid, more or less diluted, and to place the 

hygrometer under glasses moistened rpith each of these liquids, 

and observe the degree at which it becomes stationary. Chi thu 

one l^and, from iny experiments, the density of aqueoui 

vapour,«which is to that of air as 10 to 16 } abd, on*^be otbe^ 

hand, we know the degree of ebullition, or the intensity of' 

< each liquid enclosed along w;tb the hygrometer, under the 
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we have all the neoe«5sary data for 
flGJvtog 1 am ar present occupied upon it, atid I 

tfiUftt tbat'tbe results ^ill be,interesting tor ii)giouieiry. 


US'# *v -.»*# V 
>' J " ■> 

Vf„ ■*> V. , ' 

l^eply to Mr, on the Phenomena of Shooting-stars. 

f « 

To Mr. Nicholson* 

$IR> 

c 

H£ ardour and modesty tbaVcharacferize Mr. Farey’s statement, 

rejoinder to my remarks on his hypothesis, are but diatcrrtain 
. - , ,, , / . misrcpresen- 

illustrations of toe welUknown partiality of every projector to tions have 

bis own scheme. In that communication nb new facts of**®*®®*^** 

importance are stated in support of (he hypothesis; nor is the 

statenoent 1 have opposed to it by any means disproved. 

Under these circumstances, 1 should not have troubled you or 

your readers, by any notice of my opinion, had not the paper 

in question contained some misrepresentations, which I feel it 

essential to correct. I shall effect this as briefly as possible, 

aince the extension of a discussion of this kind, is only useful 

when it serves to elicit new facts connected with the object of 

inquiry; and 1 shall not notice any farther communication on 

this subji^t unless it offer such facts. 

Mr. Farey’s first paragraph represents me as having 

insiauated” that he had '' exulted" in the discontinuance of 

Mr, Foster’s obervations. A reference to my paper will 

prove that this representation is erroneous, qeither the word 

axtfijtid" i^c any synoflymous expression is to be found in 

that paper. 

* The method of observadon recommended by Mr. F. viz. by The heights of 
or more observers at several miles distant from ea-sh other, 
is, well known, I presume, to every one conversaqt in not wfil 
natural plJTlosophy ; but it appears from the observations^f this determined, 
kind that have been made on the aurora borealis(a phenomenon 
more ^vourablc tp their application, as less transient than > 

meteors 





c 


r i 

meteors) that the bcighth and distance of sixch nj^pefitvoces if 
notsp accurately appreciable, as to warrant a positive coudfimeii 
in this respect. The ditFerence in the deductions W»y 
eminent philosophers is, indeed, very remarkable. Mr, 
Cavendish estimates the height of the aurora at or under 71 
milcs^. Mr. Dalton and Mr. Crosthwaite at 150 mUeaf. 
Euler, Mairnn, &c. at various heights, extendii^ In stmie 
instances to 300 leagues*. 

The conclusion of Mr. Farey’s fourth paragraph, paj^ 
appears to represent electricity ai an hypothetical principte, once 
employed in explanation of natnral phenomena from fashion'* 
only. This requires no comment. 

ShooKny-st'irs | repeat that what Mr. Farcy calls '' shooting-stars,” have 
c'omi'v SIS w. ll hequently observed in cloudy as well as clebr weather, and 
«a in fhe pre:Jence of considerable extraneous light, (even during 

Mcnilier. iliumlnation of the atmosphere by the aurora) and I know 

not how the observations or assertions of au individual, or two^ 
unsupported by concurrent testimony, can be said to decided)- 
ly prove" any thing. 

In paragraph 7 I 3*'* represented as mistaken in cow- 
ceiving Mr. F. to liave asserted, that the larger-class of meteors 
are not sometimes visible on moon-light nights, &c. Mr. F.’» 
statement f>f his Jiypotheiis would have warrShted such an 
asaertion, but I did not make it; on reference to my paper 
(Journal, Vol. XXXUJ, page 3-1.) it will’be found I expressly 
state''SHALLuti M R'l robs" (.'•hooting starit.) 

As the small 'r meteors move v/tth “ irnmms^trahln veldcrtr/t'* 
and Mr. F. has represented them as satellitnlse, I have stated 
that if u e admit Ids hypothesh, \vti must admit that planetary 
(or «<ateUitic) bodies may move with immcasurallc velocity 
and become luminous tmly .vhen tfiey dip into our atmosphere. 
An inspection ofcho eighth paragraph in Mr, Farcy’s rejoinder, 
(Joumalj VoI.XXXIV,p 3 ge 299 .) wifi show his curious iistor- 
tion of this statement. 

If Mr, Howard, or Mr, Forsteni concur with, or dissent 
from my* statement, I know not j but in the Jest number of Mr, 
Til lech’s Pbilosopliical Magazine, it may be seen that Mr, 

• t 

• PJiU. Trans, for ir90. 

t Dattou’s Meteoroio^cal Essays* 

^ Meiuoires tie Berlin, see also Ocrtholon des Mcieores, t<ini*ii.p>65. 

®'orster 
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Fsrstsr eonl^tMW iis " meteoricr’ obsmsttom^ and they are on 
that ooos^oa apposed to Mr. Farey’s *' decided proof.** 

It ** abooUng-atars/* or ** falling-stars," are terms between 
wbleh there is a preference, that fact does not appear to be 
geseraliy known ; Uiey are botli extensively, and in many caws 
indifcrUnlnately employed. 

One of the large metcora mentioned in my former paper. Meteors and 
occurred in a cloudy atmosphere, but it disappeared without p'^obablj^in* 
paimng behind any cloud } ^om the angle under which I saw tlic lower air. 
it, it appeared lower than those in that part of the atmos¬ 
phere. Falling-stars 1 have frequently observed to vanish 
behind clouds. 

1 have (^red no explanation of the ori^n of any meteors, 
and, therefore, set& no relevaiM:e in Mr. F.’s concluding observa* 
tions i he may not have travelled lar enough in theory," but 
he has entered the region of hypothesis, and whether the term 
that he has selected ** planetary," or ** sateliitic," it h> eqnally 
indifferent to the cause of truth. Mr. Farey nia;f' dissent from 
any of tbe facts I have stated, but to dissent from,^ is not to 
disprove. 

I remain. Sir, 

With great regard, 

Your’s, &c. 

G. J. SlNGm 

Princes-sireet, Cavendish-sq. 

April 5th^ 1813 . 


x:ii. 

The meJiod of steaming or cooUng food for cattle. By I. C. 

. Curwen, Esq*, of Workington*Hall, Cumherland. 

./ 

Extracts from Mr. CurwerCs Letters^ 

I N the prosecution of the system I have practised for soihe 
years, of giving cooked food to all animals, the main im- 


* Soc, Art'-, ’C13. 
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FOOD Ton CATTLE. 


Means and ad* pediment has been the cost of labour and fuel; to lessen the one, 
siR'plify the other, have been niy constant endeaT^our j in 
with steamed this at length I conceive I have been completely successful^ 
f«od. gjjjj jjjgj j jjg^e thereby removed those obstacles, which were 

opposed to its becoming generally, and, I should say, uni¬ 
versally us^ul*. 

Kach of (he two steamers which 1 use has three boxes, 
containing eleven stone each of chaff, (the husks of corn,) 
which in boiling gains somewhat more than two-thirds of its 
original weight. Wheat chaff, which alone 1 use, is commonly 
thrown upon *#he dunghill, as of no value but to augment the 
quantity of manure. It requires three horn's to be sufficiently 
boiled. I’he same boiler works two sets of boxes; by the 
various stop-cocks the steam can be made to^-work either one, 
two, or all three boxes of each set. 

The usual consumption of fuel is two pounds per stone. 
1 estimate the quantity done every day at the Schoose to be 
equal to one hundred stone, or thirty-three of chaff, which 
takes sixty-six pounds of coal. As the expense of coal is not 
great here, I Should not suspect much economy is practised | 
even at the price of coals in London this would not be above 
sixteen shillings per week. Two pounds of oil cake are 
allowed to each stone of chaff. The milch «cows and oxen 
are fed twice, morning and evening, having an allowance of 
one stone at each time. When taken from the steamer, the 
food is put into wooden, boxes, w'hich are mounted upon 
wheels to be drawn by a horse. As the chaff and liquor require 
to stand some time to cool before fit for use, there must be 
several of these boxes to put the chaff in when taken from 
the steaming boxes. 

• 

• Tlic Society have given a woocl-cuS. The boiler is glol^Iar and 
Set as coppers usually are; it is provided vrith a feeding pipe, and 
safety valve, and the steam is conveyed by a main leaden pipe, with 
branches,into covered boxes, contuiniit^ the food. Each box will hold 
J1 stoift; of chaff. This boiler of 100 gallons is provided w boxes, 
tbfiee of which, by means of the pipes and cocks, can be w' L-d wbiJt 
the other three arc tiling or emptying. • ** 

Tlje 
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FOOD FOR GATTLB. 
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Tiiecost of food for each mlloh cow per day. 

d. 

Chaffj two stone, steaming, &:c. . 1 

Oil cake, four pounds, . . 4 

Eight Stone of turnips, 14lb. per stone . % 

Wheat straw, ... 1 

Total 10 

The average of milk on a stock of thirty-six* milch cows, 
was nearly thirteen wine quarts for three iiundred and twenty 
days } one hundrq|d and forty-two thousand quarts were sold in 
fifty-two weeks, ending the 20th of September last, selling price 
2d. per wine quart. The calves brought from 2l. to 5l. each 
for rearing. The produce is nearly half clear profit, estimating 
the manure as equal to the labour. The milch cqws are never 
suffered to be turned out. To prevent their being lame, some 
attention is requisite to have their hoofs prope^fy pared, and 
that they stand with their fore feet on clay. 

The condition, health, and milking of the cows fed upon this 
plan at the Schqpse, has created a considerable interest, and 
called forth particular attention from numerous visitors. The 
Qpntrast between the condition and milk given by these cows 
and those fed on grains, as most, if not all, are in and about 
the metropolis, seems an object well deserving attention. 

Most, if not all, the milch cows at the Schoose are in such a 
condition, that a few weeks feeding after they are dry, makes 
them fit for the shambles, with very little loss fiom the first 
cost. 

Compare this with the 8tate*of a London dairy -what may 
be the average lens by deai|;>81 know not, but when done milk¬ 
ing, their value for fattening is very little; they are so low in 
condition. As a substitute for chaff and oil cake, 1 should 
recommend cut hay. This%tearaed would make a much su¬ 
perior food i and, I entertain no doubt, would greatly ahgment 
the milk, «s well as benefit the health and condition of 4he 
cows. 

VoL.XXXV.^No,l6l F It 
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Means and ad¬ 
vantages of 
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Kfcans and li ha^StiUck me, that thl sugar Wash might be found of 

fewlins <‘«uk for boiJmg the hay. 

AU dint'd As I have never seen an instance when cooked food has not 
pioduced a striking improvement in the condition of cattle, I 
am strougly prepossessed in its favour. My representations 
have had their effect with one gentleman, Mr. Isaac Frank¬ 
ly n, wlifj 1 )^ a dairy farm at Oxgate, on the Edgware Road, 
45 miles from Paddington turnpike j and who lately had a dairy 
in Henrietta Street, Cavendish Square. An apparatus made 
hete, is oti its way for him. 

In order more fully to satisfy the Society, that this statement 
does not rest on a prejudice, natural to every projector of any 
plan, I beg to refer to Mr, Tubbs, who on seeing the dairy at the 
Schuosc this summer, was so struck with the ^condition of the 
cattle, that he promised to use his induence with Mr. Welling, 
to attend the meeting in September. Nor shall I rest on the 
respectable authority of Mr. Tubbs only j but refer also to Sir 
George Paul, Bart., who will recollect, that before be saw tl>e 
luilch cows, I observed to him, that if the condition of the 
whole stock did not surpass any he had ever seen, 1 was ready 
to ;idn)it my system had failed. 1 need scarcely observe, that 
the sirictcht attention is necessary to see the cows always kept < 
clean, and never to suffer the least heat to apj^ear upon tlieir 
skins, without an immediate applioation of black soap and 
water. They are also regularly carded or curried, and care 
taken in keeping them in a regular degree of temperature. Any 
considerable change affects their milkitrg. J gave cooked food 
from October to June, nearly eight months out of tlie twelve. 

No branch of farming is so profitable as the dairy, when 
properly and well managed. Ey the mode I propose, I flatter 
myself there would not only be a great saving in expense of 
feeding, but also in the depreciation and loss sustained on the 
capital, with an augmentation in the quantity and quality of the 
milk ; I find that twelve wine quarts of the Schoose mifk, will 
give from sixteen to eighteen ounces of butter, which is little 
inferior to what can be got at the Ifeight of the grass. Much, 
In my h'urable opinion, is to be gained both by the individual 
anchpublic. ^ • 

MilS in London, from its present price, must be considered 
as a luxury: Reduce the expense of procuring it, lower the ^ 
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ptice, and more than double the quantity might be*sold, with Moans und 
the greatest benefit and comfort to the bulk of the community. 

This object is attainable, leaving a handsome and liberal profit viuh Hicamed 
to the cow-keeper, and I verily believe would be elTected by the 
system I propose. 

The plan I have now the honour of submitting to the 
society has been adopted by Mr, Harley, of Glasgow; by 
Major Ferrand, atul the Reverend J. Penny, in the West 
Riding of Yorkshire, and many others j and in every instance 
it has been found most completely to answer. 

From Mr. C.'s second Letter. • 

Though great and important improvements have been niad^j 
in Agricnlture in* the last few years, it is far distant from per¬ 
fection even in the mott impioved districts. The comfort and 
happiness of the many has always held out to me the strongest 
incentive for exertion, and no part of my farming operations 
have yielded me equal gratifieaiion as niy dairy, n he result of 
what was done at the Schoo-c last year has confirmed iny 
opinion, that a plentiful supply of good and luiadulierated milk 
is of the highest importance to the comfort and health of the 
lower orders j 145,CK)0 quarts of new milk were sold in the 
last twelve iiKwnhs—Milk is now become a necessary of life- — 

Five years ago the amount of the total sale to the town of 
W'irkingion, containing between eight and nine ihonsatid 
souls, might be 1,500/, per annum, or at two pence per quart, 
wine measure, 108,000 quarts—Fn;m the best information I 
can obtain, I conceive I am warranted in stating the present 
sale of milk to be above .5,000/. per annum, or f)00,000 quarts. 

Thus the proportion to each individiud in the year 180(5, would 
be20qLiarts, in the year 1811^, OO quarts. I'he truth is, that it 
was but in partial use. I believe I may assunw, that what was 
the sii^iation of Workington a few years ago, is that of the 
greater part of the kingdon at present. That species of human 
food which is produced in the greatest abundance wi'Ji (he least 
consumption of the fruits of the earth, is a luxury, and not :is 
it ouglit to be, one of the staple articles of consurapljon. The 
time and aTteniiqfi I have bestowed on this subject, have given 
it an ImiTortance in my view, that may surprise those who iiave 
only considered i( superficially. I am disposed to believe much 

F % national * 
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Meant and national benefit, as well as national happindsa, niigbt be d[itaiflt« 
of ed by direciing the attention of the filmier to this branch of 

caitic wiw agricolture, which is but ill-iinddrstood. You will pardon ititl 
steamed feed. ^j|gn j ggy^ that even the dailies in and near the meiropolis, are 
under most defective management. According lo the usual 
rate at which improvements travel, aiid get into general prat.icfc, 
it will require many years lo introduce animal cookery. It 
prbploses Several objects. Of one 1 uave no dfmbt, a great 
increase of milk of a much better quality. I think in many 
situations it must contrib ite to reduce the price at which it is at 
present sold } when a dait^y is properly a.icnded to, two-ihirds 
of the cows now kept would gi a forger quar'ity of milk. 
That instead of there being a most serious ios<^ in the condition 
of the stock when tht r ri..lk tailed them, .hejk woola be very 
nearly in a state fit for the butcher. Tiie loss of capital to the 
cow-keepers, is a ^ery seiious drawback from the profits of the 
business j and were this the only object, it would be well deserv¬ 
ing of attention. 

1 should propose that tne society sho..ld boh out some 
encouragement to induce the cow-keopers lo visit he Schoose 
farm. It' the statement 1 nave made be found c roneous, the 
expences of the persons \ ho may te induced to undertake so 
long a journey, shall be at my charge. All my ^nxiety would 
be, that they sliould bestow the time necessary fully to com¬ 
prehend the plan. If the testimony of thousands who have 
seen the Schoose W'arrants confidence, 1 may assume it: nor 
is (hat (he only ground ; it has been also tried at Glasgow; and 
in various parts of the West-Riding of Yorkshire, with the 
most complete success. The price of grain renders the stop¬ 
page of the distilleries absolutely necessary; this will deprive 
the cow-keepers of a considerable portion of food for their 
cattle. In order to prove to them what might be expected 
from steamed hay, J am trying four*, pounds of clover hay, 
boiled with chaff, instead of two pounds of oil-cake; 1 am 
sanguine it will answer. The milch cows drink the liquor in 
which it is boiled with great avidityWhen bay could be 
afforded Mn greater quantities, any proportion of liquid might 
be had ; by steaming, two thirds is added to the weight, I 
have, in various instances, in the course of the last twelve 
months, sold lo the butcher, at or very near prima cost, cows 
• " that 
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Ihaf were giving from l^ree to four quarts of milk at the two Means aiwi 
meals. The cost of keep being estimated at ten-pence per 
day, when the quantity does not exceed five quarts there is no catde 
profit »Rd the getting rid of them is an object. steamed food. 

The amount of milk sold in the metropolis is calculated to 
be l/iori,000/. annually. 60 , 000,000 quarts, this, sup* 
posing / ' ^of inhabitants, allows sixty quarts to each 

individual. to wh it const'nred per head In the town of 
Workingt<'o. ''’•u n w'U x^ur to those who have any acquain* 
tance with the metrupoli-', that. is consumed only as a 
luxury ; and is not in use witr *he ‘^ias^s ; indeed, it is 
In inverse ratio; and, instead ot being the cheapest, is the 
dearest food Supnosing the produce <>f a milch cow, fed with 
grains, &c. tc tie ten quarts ner day- for 370 days, or 3,2p0 
quarts, it would require .>0 cowp- to give the quantity of 
milk sold j a pretty .strong t roft theadui;efation which takes 
place, as I do n'^t suppose nt^e ;• .. u that number kept. 

The cost of feeding on ite'*m;ed nay, i should suppose to be 
nearly as follows 


One and a half stone of hay, at 61 per ton 
One stone urj»do. I4lb to the stone 
Steaming, labour. See. 


s. d. 

1 O 
0 8 
O .4 

- » 

2 0 


If I recollect right, 2s. 6d, per day, was Mr. Weliing’s esti¬ 
mate of the cost of feeding milch cows some years ago. 

From what experience £ have had at the Schoose, I estimate 
the produce of each milch cow at twelve quarts per day; this 
would add 12,0C0.000of quarts, on the number of cows tup* 
p o a ed to bekept,—*8ay, ^ * 

12,000.000 of quarts at 4d. .... 

Pappose only a saving *of 2/. per bead, in the 
number of oowi, from snpei;|or l^lth and con¬ 
dition • • * • — 3d,000 


L. 

200,000 


236,00 

I 
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Mrans and I believe I should be warranted in stating the actual loss of 
atHe stock, in the neighbour- 

with sieanieii hood of London, by their jiiesent mode of management. 

Suppose my estimate correct of 18,750 milch cows, valuing 
them at 28/. one with another, would amount to 337,500/. 

If I have succeeded in my endeavours to impress upon the 
Society the magnitude snd importance of the object, I shall 
feel 1 hat e done some service. 

I have the honour to be, with great respect, 

* Dear Sir, 

Your obedient and humble Servant, 

I. C CUllWEN. 

IForkington-Hall, AW. 15ih, 181L 
To C. Taylor, M. D. Sec. 


Letter from Mr. Frnnkbjn on the some snJject. 

I feel it a duty incumbent on me, as it may benefit the pub¬ 
lic at large, and likewise as a tribute of grateful respect to my 
honoured fiiend, Air, Curwen, who fiiM reconunended to me 
the use of steamed food for my cattle, to inform you, that I 
have made a long and decisive trial thereof, and have found it 
to answer, both in respect to the carcase and milk of my cows. 
They daily increase in quantity, and the quality of the milk is 
far superior to any I ever saw. 

I give steamed food once a day to my horses,'namely, in 
the evening when they have done work, and 1 find it to answer 
much better tban dry food, • 

I was accustomed to feed my cows with grains, hay, and 
green food, but since I have given them the boiled lia}®, they 
have not had any grams nor green meat, and 1 find tbecost of 
their keep to be less 1 ban hen 1 ft J them with grains. J(||^ 
shott, I feel mvseli so well convinced of the advantages re- 
sulpng from the use of warm fi;x)d, that 1 do not intend ever 
again t j have reconr.s'- lo grains. 

The liquor or utcociion Irc.-ni the bay, which is taken from 

the 
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the bottom of the steam boxes, is greedily drank by the cows Moans anO ad- 
beforc they begin to eat the hay. wttle 

1 am, with steamed 

Dear Sir, 

Your most obedient Servant, 


ISAAC FRANKLYN, 

Oxgate Farm ^ Edgware Road, 

Ifelsdon, Middlesex, March 16, 1812. 

To C. Taylor, M. D. Sec. 


Estimates of the difference in expence of feeding twenty-eight 
Milch Cows on grains, tsV. and on steamed Jood, each me- 
ihod ti led /or one week. 

V' * 

Feeding with grains, tsfe. 


1. s. d. 

Thirty quarters of grains of eight bushels etjeh, 

at 4s. - - - - - - - ti O O 

Cartage, &c. - - - - - -2 10 0 

Seventy trusses of rowen, or second crop of hay, at 

25 . 3c?. each truss weigliing four stones or Sf?lbs. f 15 6 

^ L. l6 5 6 

The above is, within a fraction, 15. 8d. per cow per day. 


Feeding with steamed hay and rowen. 

1. 5. d. 

Hay steamed, forty-two trusses, at 35 . irf. - • - 6 9 6 
Mens’wages, chatF, cutting and steaming - - 0 15 O 

Expences of fire - - - - 0 7 0 

Seventy trusses of rowen, at 2 s. 3rf. - - - 7 \5 Q 

t • * L. 15 7 O 

This is, within a fraction. Is, Qi^d. per cow per day. 

» " 

The balance in favour of the steamed hay is l Sst Qd, per 
week, besides the better condition and value of tli« carcases 
of my cattle, th^ great increase of milk «nd superiority of its 
quality. I deduct three pence per truss from the present 
average price of the hay used^in steaming, on account of 

Lha 
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Meaus and ad- tb® cartage and market expences wbich are saved by its being 
vuDtaites of consumed at home. I put \d. per day for fire, though I do not 
^tli steamed believe it costs me any thing, as the water from the steam 
food. boiler serves to clean the milk utensils, for which the firing 

used to cost me as much ; besides which 1 apply the steam to 
many culinary purposes, having a pipe communicating from 
my steamer to my kitchen. 

ISAAC FRANKLYN. 
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Geohgica I Society. 


Jpril 2d, 1813. 

W. H. Pepys, Esq. Treasurer, in the chair. 

The reading of a memoir by Mr. John Farey, Sen. on the 
Asbover denudation in the county of Derby, was began. 

The first part of this paper consists of miuut<» local observa¬ 
tions, incapable of abridgment, relative to the inosou aiion 
ridges, the Basset ridges, the partial incurvation of the beds, 
and the ascertained or supposed faults. 

Jpril 23d, \S13. 

The president in the chair. 

Thomas Gregory, Esq, of Bayswater, 

Thomas Boffiehl, Esq. of Hopton Court, near Bewdley, 
were severally elected members of the Society. 

A notice by the Rev. J. J. Conybeare, M. G. S. relative to 
the state of Tintagel, in Cornwall, was read, and thanka, were 
voted for the same. 

The slate quarries of Tintagel are^ituated close to the sea, 
about six miles N. W of Camelford. They are worked on 
a large scale, and are celebrated fox the excellent quality of 
the roofing slate which they afihrU. No dykes of granite or 
of porphyry have been observed in this rock, but there are 
veins which al^ord quartz, rock crystal oi greet transparency 

and 
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find beadty, baleareous s^ar, chlorite, and, in some instances, 
adcdaria. The slate of 7'intagel appears to bear a near resem¬ 
blance to that of Snowden, and, like it, occasionally present! 
the impressions of bivalve shells. 

The reading of Mr. Farey’s paper on the Ashover dennihi- 
tion, was concluded, and thanks were vot'^d for the same. 

This portion of Mr. Karey’s p.iper contains a detailed account 
of the several strata represented in the map and sections, be¬ 
ginning from the lowest of those (bat are known. 

Hie fundamental rock of Derbyshire is the fourth limestdiie. 

It is supposed to lie at the depth of about 350 "^ards below the 
level of the river Amber, in Asbover va!lcy. It rises towards 
the surface under Matlock valley, and actually bassets in GrifF- 
dale. The thict ness of this bed is unknown ; but as the deep 
vale of the Dove is ennrely excavated in it without discovering 
the bottom of the bed, its thickness cannot be less than 350 or 
400 yards. It is generally a pure calcareous free stone, of a 
whitish yellow colour, disposed regularly in very numerous 
strata. These consist either very white marble, or of aggre¬ 
gations of small rhombic crystals. Towards the top it is very 
compact and porcellaneous. Few of the beds ^re without or¬ 
ganic remains in some are found small anomia, in others en- 
trochi, or turbinated shells, cornua animonis, oauiili, and 
branching c^alioids. This rock is superficially craved, so at 
to present a columnar .'ippearance—-beneath it is much rent, 
and abounds in sbakehole and large caverns with water swal¬ 
lows, Some of tht fissures connected with the 'Surface are 
filled with clay, sand, and quartz pebbles. The veins are 
filled principally with calcareous spar, heavy spar, and linor 
spar. They also contain in their upper pan galena, calamine, 
manganese, red iron ore, white China clay, and stfatin. 

Upon the fourth liinestone lies the tbiref toadstone. The 
mast Eastern basset of this rock is at Bonsall upper Town. Its 
thickness in different parts is very various, from four feet to 80 
yards. Its usual appearaifbe is th^t of a cavernous strong mass, 
of a dirty purplish brown hae>--Gfteii it is of a dark bide colour 
with sbinipg specks as hard and stmorous as cast 1ron--^>also’ 
of a light green 6r bluish grey colour, and rarely it app*ear8 of 
a gritty yellowish stone called Davestone. Its structure, when 
recent, is amygdaloidal, the cavit;^ betog filled with green or 

white 
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wbiJe globules of calcareous spar. Tl»e veins in the lime- 
stwe, above and below this stratum, have rarely, if ever, 
broken through it, but rents proceed from these into the top 
and bottom of the toadstonc, in which galena and the usual 
veinstones are sometimes found. 

Third Limestone. The most eastern basset of this rock, in 
the line of section, is on the western slope of Massen Low. 
Its average thickness near Matlock is about 80 yards. Its 
colour varies from grey to brownish black. It includes several 
beds of sw'inestone, with layers of dark grey inodular chert. 
Its organic rem'ains are numerous, and it abounds in mineral 
veins that afford galena, calamine^ and blende included in cal¬ 
careous spar and heavy spar. ^ 

Second Toadstone. The most eastern basset of this rock is 
in Matlock high Tor. Its average thickness is about 80 yards. 
Its colour is yellowish or bluish grey. Some of its beds are 
magnesian liipestone. Its principal organic remains are en- 
trochi. It contains metallic veins of galeva, calameric, and, 
it is said, of copper. 

First Toadstone. The first regular basset of this rock ap¬ 
pears to be in Matlock high Tor. Its average thickness is 
about 28 yards. Its general characters differ httle from those 
of the third toadstone, except that it seems disposed in more 
regular beds or strata. ^ 

First Limestone. The average thickness of this rock is 6o 
yards. Its usual colour is lightish grey. Near the top it 
encloses beds of swinestonc interlaid with dark or striped 
chert. The organic remains of this rock are anomia, entrochi, 
nautili, and other shells, together with many coralloids. It 
abounds in caverns and water swallows, and in numerous me¬ 
tallic rake veins, or long vertical fents. Massive fiuor (Blue 
John) and elastitf bitumen occur in thj^t rock. 

The greater Limestone Shale. The average thickness of this 
rock is about 150 yards. Its general character is that of a 
black or dark brown shale, inclosin^beds of a soft yellowish 
sandstone, and of a dark blue limestone : also thin beds of 
clay) jroD,’'stoae, and septaria. Its organic remaine are not 
iiumordus. consisting*chieffy of anomia, mya, helices, and a 
few vegetable impressions. 


First 
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First or Millstone grit. The average ihiclviiess of this rock 
is ahont 140 yards. It is generally a white or yellowish coarse 
grained freestone in thick beds; biU at the upper part of the 
rock is a considerable thickjiess of soft micaceous thin beds. 
Its organic remains are large reeds and flags, and occasionally 
corralloids of a hone-like appearance. 

Coal Formation. This lies on the Milstone grit, and consists 
of eighteen beds of giit and of sink*, the aggregate thiikness 
of which is ^OQ yards, and presents the usual characters of 
the independent coal formation. 


Abridged Account, or Jhtract of the ** Elements of Crystal¬ 
lography, /’.V F, Acoum,” 27 I voLBvo. 7i>ith A 

copper plates and numerous wood cuts. Longman and Co. 

THIS author in his preface remarks, that considering how 
much the philosophy of the mineral kingdom has of late been 
advanced and perfected, by the application of Haiiy’s tftoory, 
and the light it has thro^^n on some of the most obscure 
branches of Mineralogy, ii is surprising that no English woik on 
the structure and formation of crystals has yet appeared ; whilst 
on other departments of the science of minerals, many excel¬ 
lent works have been publislied. He offers the present Treatise 
for^he purpose of initiating into the principles of crystallo¬ 
graphy, those who possess no previous knowledge of it. 

As the theory which explains the production of crystalline 
forms, and their metamorphoSes, abounds in mathematical and 
a^geb;aic calcuJrfiions, agd cannot be studied? with ease and 
success, by such as are unacquainted with the mathematics ; 
be has thought it desirable, as has before been announced in this 
Journal, to prepare sets ofmodels to which reference is made iu^ 
this work. 

The dissatefbd models, are so constructed, that they can readi!}'' 
be taken to pieces, and put together agaih in various ways, to 
give a distinct conception of the laws of that geometry of 
nature which are followed by tbevntegrant particles ofcrystallis- 

atla 
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able bodies when they combine, and the orderly arrangements 
of which produces symmetrical ciy'stals. These will, no doubt, 
be very useful, particubriy to such as are unacquainted with 
mathematics, and might, on that account, be scarcely, without 
such a!isl>it<ince, en ibled to study this interesting depa/tment of 
seienee. I’he dehigns w'hich accompany the work, give 
the complete rigures, and render the models not indispensable, 
but iiipplcnieiiiary, for more re.ulily understanding the subject. 

Tiic 'vood'Cuts, u hii'Ii amniiiu to upwards of 100, and plates 
introduced into the woik, in illustration of the law's of the 
science, render the cry •t.iilograpliic models superBous to those 
wlv» are familiar wuh geometry and linear perspective. The 
graphic designs of tiie crystals have been traced by the method 
of projeclioos ; the entire lines represent the edges or outlines 
of that part ot the solid immediately turned towards the 
observer ; aiut the dolled lines express those edges which are in 
the oppositHpaii of the solid, and wliirh of course the observer 
could not see, unless the solid were diat lianous, 

1 he wo'k )'• diiided inio4 parts, and each part is again subdivid¬ 
ed invt> St ct'ons. The first part of the Treatise is introductory to 
the3 lolltiu <ng, and divided into 4 sections. It treats on the 
gtmer.d I'atuieof the procchS of crystallisation—the disposition 
of cr>-sialli<«able materials of difiesent kinds, to assume a certain 
number of geometrical forms, peculiar to them, and no others— 
the rectilineal interior slroctnre of crystalline solids, their 
increase or grnwih. staling it to take place in such a way that 
eve y thing which existed at each period of growth of a 
crystal. letnaiitH fixed, and so as to present on^ll sides a basis as 
it were for the crystallisable materials which arrive fbr^coO" 
taining the edifiie, and thus contiMniing it with the growth of 
organic beings, and general defiflition and objects of the science 
of crystallograflhy. ^ 

The 2d section exhibits the practical means by which 
crystal Usable materinls are made to assume symmetrical forms> 
the crystal.iMaiio'i of saline, roeialii?, and other bodies, as it ii 
indocefl hv th.- proce*«ses of soiotion. fusion, sublimation, 

* clrtMnicarariiniiy, Sic. The circnnisiance which*iuBueiices the 
crystatfinc processed—ratios of crystaTline energies ^ 
ditierent bodies—its admeasui^ment and other practical state* 
ments relating to tne ariihci^ crysiUUMation of badUca. 


The 
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The 3d and 4th sections gVe a rapid view of the geometrical 
definitions employed in crystalloijraphy—the admeasurement 
of the aitgles of crystals, witli a desrripiioii aiid u*>e of the 
goneomeiers of Wollaston and Carangcau employed for that 
purpose. 

The 2U part commences with a general view of the con¬ 
stitution of bodies, and a sketch of the theory of crystallography 
of Hdiiy—it is there shown, tl)at all crystal-., hnwever com¬ 
plicated their forms nivay be. contain widiin them a geome¬ 
trical nucleus, called by Haiiy the primlOvt^ form, uhich 
has, under certain rcbtriciinn, an in^.uluble 'Knape in each 
chemical species of crysialliite solid, and wl-ich may he CKtinct- 
ed out of ail of them, by a skitfiil mechanical diisection. 

The 2d section df this part, shows the mechanical dissections 
of crystals, to develope the primitive foiros, their n.iiure, their 
number, and situations in different bodies, and general inferences 
relating to the mechanical analysis of crystalling bodies in 
illustratio^^^'ff^he theory. The dissections are illustrated by 
graphic projections, and rendered farther striking to the senses 
by dissected models, of which references are made. 

But the primitive forms of crystals which are considered as 
bodies of a constant geometrical form, inscribed symmetrically 
in all the crystal* of one and the same chemical composition, 
are not the ultimate result to which the mechanical dissections 
of crystals may be carried. 

The 3 J section shews, that the primitive forms of crystals are 
divisible in a direction parallel to their faces, and sometimes also 
in other directions, and this in the latter case must produce 
solids, which differ^n shape from the primitive crystal to which 
they belong, and lhe.-.e solids, thus obtained by different modes of 
dissections, are called, by Hi^y, the integrant particles of 
crystals. To illustrate this statement, numeron? examples are 
given. The sketches and dissected models advanced on this 
occasion are the following : the rhomboid of the tourmalin—the 
hexahedral prism of phosphate of lime—the cube of fluate of 
lime, &c. Sec. 

The 4th section, in a similar manner elucidates the laws of 
decrements of tne structure of crystals, or the laws of crystaMine 
architectare, according to which are pnhuced those arrange¬ 
ments 
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racnts of particles or regular coverings which clifcguise, under 
such various forms, one and the same primitive form or nuclcu?, 
and which give rise to such an infinite variety fil'crystalline solids 
as aie met with in nature. The laws of docrciuents arc detailed 
in the svutheticfoim, and illti'tiajeJ bv ioaciint; exau.i'leb, all of 
which are rendered legitimate by the methods of analV'.ds, and 
synthesis by appiopiiaio models, both solid and dissected, so as 
to interest tlu'.ir mind, and to leave positive and cvact ideas in 
the memory. Ihetoodels rcfeiring to this part ol the wotk 
arc the following : the rhomboidal dodecahedioii, considered as 
a secondary for/n oiigtnaling fionj a cube as the primitive solid ; 
the production of an octahedral solid considered as a s-.coudary 
eijfStal, originating from a cube as a iiuclens—prcduction of the 
irregular pentagonal dodecahedion originatingal-o frc)ni a cube 
of the bi-pyratuedal dodecahedron, originating from a cube as a 
piimitive solid. 

Inparidth the author has considered the difference which 
exists between structure and increment, as relating to the 
production of cry&tals, and ibe alteraticus to which the sym¬ 
metry of crystals ia subject : and these arc succeeded by the 
electricity of crysbils—their double refraction,—principles of 
nomenclature—amorphou.'i crysfaliizalion,—table of crystalline 
lorm.s, SlC. See. 


CAPl’AIN Lis’iansky, one of ^he celebrated Russian circum¬ 
navigators, who a few years ago cotnmanded one of the 
Russian ships in company w'ith Capfain Kru^enstern round the 
world, has lately published, at St. Pelersburgh, his curious and 
interesting voyage, in the Russian-language, which 1 inulcr- 
stanU t,he author himself intends to publish likewise in Eo' -h. 
Tjie wcvk is already ^fattslated, and the materials l e - y 
for publication are, in great forw'arduess., Jt^m ^ .d 
that it will be morJ^omplete in English than .* ’le 

original, as it W'ill contain a greater number of dr. v ,■ s. 



SCIENTIFIC NEWS. 

«bart8, tables of longitude and latitude, variations of the 
ronipass, those of the thermometer, barometer, &c. which are 
intended to be hereafter added to the Russian work in a stip¬ 
ple mcntary volume. 


Precursor to an Expose on Forest Trees and Timber, &c. 
(intended as a preliminary introduction to a more enlarged work 
upon the same suiSject) as connected with the maritime strength 
and prosperity of the United Kingdom and the provinces: 
w'ith an Appendix, containing an outline of the dimensions, 
force, and condition of the British Navy, compared with that 
of the enemy. Humbly addressed to his Royal Highness 
William Duke of Clarence, Admiral of the Fleet, &c. &c. &c. 
By Captain Layman, of the Navy. 6vo. 70 pages closely printed 
in bourgeois, with 1 copper plate, and many tables. Aspernc. 


This work abounds with very rational observations, upon 
facts which are of the highest interest to the Empire and 
«very individual in it. 
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TO correspondents, tfTc. 


Circumstances hive prevented IkemserliCn of Dr, Armstrong's 
communication/r^ter than was intended. 


Jshdl pay attention to the remark with yfhich M. D. has 
favoured me in his postcript. It does not appear to me, that- 
any practical advantage would resuUfrom plano^tmvex or piano- 
concave spectacles, in pr^erence to other lenses of like foci j 
neither do / apprehena that such lenses ought to he charged at 
an higher price, supponng the workmanship and materials to be 
the same. 


L, 0, C's Reply to Mr, Kerhy came too late^for the present 
nunder, but will appear in the Supplement. 


The Engraver, by an accident, has spoiled the plate of Mr. 
Telford's bridge, which could not he re^engraved in time. It 
will appear tn the next number. 


The Supplemj^t to Pol. XXXIPwUl be published in the course'- 
of the mtmth, * 
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ARTICLE I. 

< 

Discussion on the Cause of the Figure of a Many which was 
formed on the Ice of the Pond in Halaaker Park, In a Letter 
from Mr. Robekt Hakrup. 

To Mr. Nicholson. 


SIR, 

I TAKE the liberty of sending you a few observations on the Observations 
remarkable appearance in the ice on the pond at Halnaker . 

House, 80 minutely described in the last number of your pcarance on 
Journal j* at the same time offering some remarks on your * q® 
ingenious explam^on of that singular phenomenon. If I l^alni^er 
differ in opinion from a philosopher ox your abilities and 
experience, it is with the greatest diffidence, i^f my conception 
of the cause is erroneous 1 hope you will have the goodness to 
set roe right. 

You are disposed to think, that the effect wds caused by the The body of 
developemenl of heat in tTie body, occasioned by the putrefac- man^did^not 
lion of chemical change which must have taken place.* I can- probably give 

not perceiv%,J^b^ Ihis supposition is to be maintained, wheft it^“* ’ 

• • • 

* Philosophical Journal XXXIV. 301 . 

VoL. XXXV.—No. 162 . G 


is 
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figure ON ICE. 


IS expressly stated that the tody was quite stiff, and shewed no 
signs of putrefaction. 

or if i t did it is This fact raight, iiuleed, have been inferred from the low 
T^rmlld^hayc tc'mperatnrc in the month of December, and the other circum- 
liocn sufficiL'nt stances unfavourable to that process. Aware of this, it is 
thvougirfive explanation that putrefaction may have pro¬ 

tect of i^ater, ceeded very slowly, on account of the coldness of the water 
and the want of communication with the external air. But 
admitting the supposition in its fullest extent, that a slow 
putrefactive process was going on, sufficient to develope as 
much heat as ’"oiild occasion a small degree of expansion in 
the water in contact with the body j would not that additional 
heat be entirely lost, or more properly, given off, in all direc¬ 
tions long before it arrived at the surface, through a depth of five 
feet of water at that low temperature ? Even the greatest 
possible degree of heat given out by a human body in the 
highest state of putrefaction, appears to me insufficient to pro¬ 
duce all the phenomena, or to affect so large a quantity of water 
in any perceptible degree. 

The smooth- Why was the ice of the figure smooth, while the other parts 
ovt rUie fi*»uro crumbly and soft ? It is evident, whatever the cause may 
is ascribed to have been, that that part of the water directly over the body, 

softness of the ^ surfactfc W'hen the frost 

other ire to commenced, while the other parts were subjected to a gentle 
dm-^n" iveez- ^g**^®^,*®*^* This, certainly, could not have been caused by any 
injr. degree of beat. 

?)pinion, that inclined to think, that some time after the body snnk to 

the bottom of the pond, the water, by insinuating itself through 
body, and every pore, wo>tld gradually dislodge the oleagenous and greasy 
defended the particles adhering to the skin, and also whatever there might be 
water *abovc**^ that nature under it—these would, undoubtedly, find their 
way, bydegreeif through the cfothingand rise to the surface. 
Notv it has been well known, from Ijie time of Dr. Franklin, 
that oil or gAase, in a fluid state, when Boating on the surface 
of water, has the property of rendering it smooth and incapable 
of bein^ affected by the wind. This 1 apprehend was the case 
^in the present instance, and which affords a ready explanation 
of^all ^the phenomena. Tiie oily matter as^dist.-gaged from 
the body would rise Tii a perpendicular direetion and form a 
thin stratum on the surface, which, although diffused, would stiU 

c continue 


itfiom being 
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continue in greater quantity directly over its sourcej than on 

any other part, From the roughness of the ice it is evident, it is inferred 

that when the frost canoe ooi the surface had been gently^*®"',**'® „ 

. I , roughness of 

agitated or rippled by the wind every where, excepting that the icethatUie 


place occupied by the oily film, which would necessarily be 
smooth and at rest. It is also evident, that this part would not 
congeal quite so soon as that in a state of motion, as it has 
been long known, that water when at rest may be cooled many 
degrees below the freezing point without losing its fiuidity, but 
on the slightest agitation the congelation is inilantnneous. 

Why the figure of the hat was not represented in the ice, is 
a further corroboration of the foregoing opinion, as any oily or 
greasy fluid could not readily find a passage through a substance 
of so close a texture as felt. 


agitpted the 
wafer previ¬ 
ous to the con¬ 
gelation : 
except where 
defended by 
the oily cover- 

iiig. 

The figure of 
the hut w'unt- 




The white line bordering the figure seems to have been ihe white 
occasioned by the abrupt termination of the confused crystalliza- '> 
tioD, and the transparency of the ice by the tranquil state of and the 
the water in the act of congelation, by which the extraneous atl-ounnfd ?or 
particles, with which it was mechanically mixed, would be 
deposited. 

With respect to the snow first covering the figure, and after- why the 

wards disappearing it might cither have been swept otf by the was 

t't' 4 , , . , . , ^ bare of snow, 

winds, or, more probably, melted during the day when exposed 

on so smooth a body, while that on the other parts would be 

protected by the inequality of the surface. 

, 1 am. 

Sir, 

Your obedient humble Servant, 

ROBERT HARRUP, 


Cohham, April Jth^ 1813. 
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ANNOTATION. W. N. 

UrON a subject which stilfseems to be obscured by difficulties. Some facts 
I should, probably, have been inclined to leave the Varther which seem to 
discussion ta-Jy correspondents, instead of making any remarks the pheuo- 
myself upon the ingenious speculations of Tvir, H. if I weie not *ncnou was not 

w * o * OCCi^lOlK^cl 1>V 

led by his iuvitytion to point out a few circumstances which oily matter, 
appear to militate against bis inductions. 

G 2 


1. When 
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1. When oil is poured or dropped on water, it spreads on all 
sides, with astonishing rapidity (I suppose 5 or 6 yards in a 
second) and smooths the surfitce by suspending the effect of the 
wind in forming the primary waves ; but it does not destroy the 
larger waves or the swell, nor prevent the undulations from 
being transmitted from the rougher parts into the smoother. 

2. The smoothed surface is carried gradually to leeward, and 
after a short time, perhaps two or three minutes, a large pond, 
upon which oil has been poured, will become as jough as at 
first. 

The man was drowned about a fortnight before the frost 
came on ; wh'ch seonis a long lime for the oil to have been 
rising and confining itself to a definite space so small a pond : 
and if we soppo->e some process of change to have developed 
the oil jnst at the time of the frost, and not before,—this change 
would also be likely to be attended with chiinge of temperature. 
And even then, since oil spreads so quickly, and has so 
tratJsicnt an effect, and Mr. ll.’s hypothesis supposes a wind to 
have prevaiK-d, it appears scaiccly to be admitted that it could 
have occasioned tliat permanent and precisely bounded 
quiescence whicfi his reasoning demands. 

*> 


II. 

Oh the Effitls T/venty T/iouiancl Zinc and Silver Plates, 
arranged as an Elfclric Column, By Mr. Geohoe John 
SiNOEK, Lecturer on ExfterimenIal Philosophy, 


.\u ctoctric 
column of 
di>Ch of j>ilvei* 
y.inc Hiid 
papers ^ 


coHsi.sting of 
•IT” tb i-i»und 


(TTrvjjg reni.vkable propertiea of the Electric Column, in- 
Jl vented by Mr. De Lnc,* rendered the construction of 
tliat instrument on an extensive scale a desirable object. Trials 
were previously made on the effect of various methods of com¬ 
bination, to ascertain the most cCtcient arrangement. That 
which has been here enqdoycd consisted of two discs of paper 
interposed between each p.iir of metals j one jiisc being pasted 
to ilie silver, the .other di'>c unconnected with either metal. 

A series of one thousand p.firs of plates thus constructed, 


* jO'-’niah AX'*If, gi 


each 
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each plate having a diameter of 5-Sihs of an inch/occasions the pairs of 5-Rtlis 
gold leaves in an electrometer, (whose cylinder is one inch and 
a half in diameter), to strike the sides, at intervals of from halfstaiitly affect* 
a second, to two or three seconds, varying at different periods, 

The extremities of the above column being connected w^ith and ( hai-gcd a 
the opposite coatings of a I^yden jar, containing about 50 , 

square inches of coated surface, a cliaige was communicated to « 
it capable of atfording a very evident spark. The period of 
contact required for the production of this effect, was seldom 
less than one minute, and no advantage appealed to be obtained 
by Its continuance beyond five minutes. 

The charge thus communicated, even at its maximum, pro- slight 
duced but a very slight shock, the sensation being only percep¬ 
tible at the points of contact. 

Twenty columns similar to the preceding were now arranced, e«- 

- , , . , lumus, or 

so as to constitute a scries or tuenty tlioinaiui groups of silver 20,0110 paiis, 
and zinc, separated by double discs of j>aper. In this apparatus, 
bciiide the two extremities, and a ceiiirrd point, < there are 18 
intervening situ itious, at which an electrometer may be applied, 
the whole apparatus being insulated. 

The power of tl.e apparatus was such .as to affect pith balll'Jul a consi- 
clectiometers ; •■everal of these weie employed with balls one- ' 

fifth of an inedr diameter, su.spended by fine tin cads four inches hall olrctio- 
long. The electrometers at the extremities of liie apparatus had ’*^®***^ 
their balls .separated by its action, frequently to the distance of 
two inches and upwards, and iheir divergence w.as rarely less 
than one inch and a half; the electrometer at the centre was 
not affected. I'.lecirometers applied at intermediate points, 
between either extremity and the water, exhibited various de¬ 
grees of divergence, diminishing in intcnsiiy in propoition to 
their proximity to the central point. 

When either extremity of«the series was connected with the 
ground, that extremity became the neutral point, and the an¬ 
nexed electrometers divaricated, with progressively increasing 
intensity, towards the opposite tnd, where the oiiginal diver¬ 
gence was considerably iilbreased ; but theelcclro-molion in an The clcclio- 
apparatus of this extent is so slow, that some minutes are re- motion sU»w, 
quired to n/adVice the maximum of effect. • • • 

' A communication between the opposite extremities of the Spaiks seen at 

series 
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ttie opp«*lfe series was produced by a fine iron wire, separated from actual 
the*^coIumD ** slight layer of varnish j a succession of small 

bright sparks were thus produced, they were most apparent 
when the point of the wire was drawn lightly over the varnished 
surface. 

A ttiinjarof A very thin coated jar being interposed between the opposite 
fnetu””';^- VC''iinstantly received a charge, which, by 
continuing the contact, progressively increased, and in ten 
minutes became so powerful as to couvey a disagreeable shock, 
felt sensibly in the shoulders, and by some Individuals across 
the breast. 

Jars of progressively increased thickness and of various sizes, 
w'cre charged in the same way, and apparently to similar inten¬ 
sity ; but none of the charges thus producec> had sufficient 
power to perforate a card ; thick drawing paper was the greatest 
resistance the most powerful of them could overcome. Several 
jars, connected as a battery, w'ere charged in the same way as a 
single jar, but much longer lime was necessary j the effect of 
the shock, and its power of peifuration, were not greater than 
with a single jar. 

T.ic sinplo .jar The thin jar first mentioned, (which contains about JO square 
o'rrtVrtlihTcoaled suiface,) when charged by 10 minutes contact 
platiua Mire, with the column, just fused one inch of platina wire, -joVry 

an Inch diameter. The same effect could not be produced by 
thicker jars of the same size. 

The clortrical The electrical pow'cr of the column has not diminished by 

poMir-r has not gyg weeks constant activity, though, during that period, its in- 
diiMiiKslu it m . , , , . ! , . . . 

five MceVs, tensity has frequently v.ined ; in some instances its power has 

thoiighit lias i>ecn sufficient to produce (though faintly) the cenfigurations of 

Lichtenberg. 

Mo clicmicHl VaricMis saline compounds, ting<id with the most delicate 
efttot has hern vegetable coloors,fnave been made the medium of communica- 

tllii's'coluniny between it.s extremities, and ihtf contact preserved for 
many days j similar expeiiroents have been made with metallic 
solutions, but in none of these tiials ba^the slightest trace of any 
chemical |;ffect appeared. 

. T^e cau^e of electric excitement in the colnmn.appears to be 
permaneiit. 1 have soipe that have now been «onstHtcted up- 
tiauoiriuMiitli. v.’ards of two years, and their power is in no way diminished 5 in 

cases 
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caseft where the contrary has happened, I conceive the presence 
of too ranch moisture, and the consequent oxydation of the zinc 
surfaces must have been the deteriorating cause. 

Prince's Street^ May 10, J8I3. 


III. 

On the IPbod and Barit of Trees much magnijied. By Mrs, 

Aokes Ibketson. 

To Mr. Nicholson. 


SIR, 

I T was my intention that this letter should have concluded 
all 1 had to recount on the roots of fruit trees, and also of 
the same part in those plants which rise yearly from the earth ; 
but 1 hud it impossible, (let luy study of the subject have been 
ever so perfectf) to write properly on it, wiiboul*having the 
object before me. I'his, though it makes my labour excessive, 
also, I hope, makes it more exact. The necessity of review¬ 
ing every part as often as 1 write on it, has made me correct 
many a fault, and destroy many an error, that would olherwiiie 
have appeared in my phytological review ; but it wit) also im¬ 
pede ray giving the subject I intended. In lieji of which I shall 
produce an exact delineation of wood, extremely magnified, both 
in the root and in the stem ; jiointing out the variation to be 
found in the two ; the form of the sap vessels i the construc¬ 
tion of the bastard veasels; the management of the silver 
grain ; and shew also bow the net is contrived in which the 
sap vessels are inserted, a|^d many circumstances that will draw 
their sources from this subject; and conclude my letter with 
dissections of the formation of the bark ; shewing bow impossi- 
ble it is that thgt part can possess any returning sap vessels ; 
since, except those of the inner bark, (wliich their thick liquid 
so exactly identifies,) all the vessels run in a contrary direction. 

» I 
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Formation of J shall now begin with the dissection of the wood of the root, 
the wood. jj consist of four parts ; fig. 1 . The sap vessels, 

which are large simple cylinders, without any division; B. the 
net in which they are inserted j C. the bastard vessels ; D. the 
silver grain which marks each yearly circle j the s.^p cylinders 
engross much the largest part of the root; for though it is not 
such an absolute sponge as the radicles ; yet the apertures are 
very closely placed, so as often to break into each other ^ see 
fig. 2 , when the layers are cut very thin, to form transparent 
images of the parts. It was with great astonishment that 1 dis¬ 
covered the excessive motion of the root, and the folds which 
appertained to it; but bad 1 then been apprized of the nature 
of the net, I should have known that it was but the necessary 
consequence of its formation j upon placing 80t.je very old vege¬ 
table cuttings of the root in my sliders, and exposing them to 
the highest magnifying powers 1 possessed, I found that almost 
Not of the every part of the net was composed of spiral wire in its cases ; 
wood all spiral and as the cases in many parts had broken away, all the interior 
was become visible j this has made me dissect many woods, and 
1 find that it is the same in all-, that not only the greatest part 
of the net is so formed, but that the spiral vessels surround each 
sap vessel, first extremely tight at the edge, reducing or enlarg¬ 
ing the aperture, and then a little beyond it, foiViTiing a kind of 
scollop, besides Urge coils of the same, passing from one aper¬ 
ture to another, see A, EE, like those which surround the bas¬ 


tard vessels, and mark all the folds. The wood may be truly 

said, therefore, to be little else but spiral w'ire, and to be perpe- 

Root; prrpe- tual motion in the interior, the effect of the quantity of those 

tnal inotn n in vessels that pervade it. This shews of what consequence dis- 
the iniciior. ... . . „ ■ 

section is, and that, by banrshing ail imaginary causes, and 

Jetting na/are shew her own works, and be merely the 

transcriber of tht? information she gives, by degrees every cause 

will be discovered j when I found out that the root possessed 

such motion, I had no idea the net was formed by the spiral 

wire i but I was resolved to rake each thread to pieces ; to see 

and corqipreheiid its texture i and, surely, this perpetual motion, 

aided hy capillary attraction, is quite sufficient to account for 

the risipg of the sap. , 

Capillary at- Three years ago, I dedicated a whole winter to the study of 

traction helps capillary attraclkm j and I found that the smaller the ve.ssels, 

* ‘ ^ the 
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the stronger and higher was the impulse above the level 9 when to throw np 
I had procured glass pipes, from 150 to .200 of an inch in bore, ********** 
the water rose to 19 inches, and was only then stopped by the 
roughness of the interior, as I discovered upon breaking the 
pipe. Now all pipes made f;y man will have this defect j I am 
convinced, therefore, that we know not half the force of capil¬ 
lary attraction, ns when the pipes become so diminutive, the. 
roughness is of such immense consequence as iostop the flow of 
lUjuul j bu^, in pipes formed by nature, there is no such dfect, 
and the liquid will therefore rise much higher. I am the mote 
convinced of this, as the of the water rosT near an inch 
beyond the before-mentioned height, caught on the points of interior 
the excrescences and roughness of the interior of the vessel, roughness of 
which, when expd&cd to the large powers of the opake solar P'P‘®* 
microscope, looked most prominent. But when to capillary 
attraction is added the perpetual motion of the root, the strong 
impetus this must give to the liquid, the additional/bree the sap 
vessels gain by the vaiiation of pressme of the spiral wire round 
them, changing with each alteration of the atmosphere 3 and 
that, as the imiictus nmsl be renewed at each prominent shoot 
in a tree, it requires the capillary attraction only, to convey it 
from shoot 10 shoot : weighing all these causes well, there can, 

I think, be no dfliibt that they are all sufficient for throwing up 
the sap in trees ; but this is merely a hint the motion of the 
w'ood has drawn from me, and to be aided, I hoiie, by future 
discoveries, for which no diligence shall be wanting, which will, 

I doubt not, soon explain the enigma, to the satisfaction of all. 

I shall now turn to the formation of the silver grain; in which Addilum.)! 
there is a part that has greatly puzzled me. I always perceive piece toifo 
that whenever I cut a transparent piece of the wood horizontally, ** 
a very diminutive row of increase appears at each silver grain ; 
this must certainly be an addition as it is fresh «We wood 3 and 
this alone will account for the stripe.s that always appear betw een 
each yearly circle. Ibey are from 10 -to 12 in number, they 
certainly are not in the albutnum, for that shews no marks but 
what would naturally be found in every soft maffer pres.sed 
through a pipe rather twisted 3 it must, thertdore, be made aftof- 
wards 3 but it isdmpo8.sible the wood should go on incraasing 
constantly at this rate, or the width would be infinitely greater 
between the yearly rows 3 but if the new wood (as soon as com¬ 
plete) 
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plete) b Bieasared^ it is much narrower than when tiro size ts 
t^en a few years after j some addition, therefore, must have 
Kodrnvoiir to been made. This is of consequence to discover, as it all helps 
discover it. growth and motion, and teaches us how much more a tree. 

is a moving machine, than we have ever considered it to be. 
The coils that appear round the sap vessel.s will not shew them¬ 
selves in a vegetable cutting taken with the instrument, as that 
tears them all off; but when cut with a sharp knife or razor, 
and left a little time, they will rise up, and the snaallest 
magnifier will shew the roughness they create, and the large 
coils that pass from one sap vessel- to another, especially in the 
Acacia and chetnnt and acacia. In the latter they can be seen with the 
examples naked eye, and they are so tight in the layers o*" wood, that the 

cutter, can not divest them of them—many •of the sap vessels 
appear to. have spirals across them, in 2 or 3 places j'but I 
rather think it is mang apertures broken into one, which before 
holding tight at the interior of the circle, are, when released, 
drawn across the holes from the contracting power of the spiral 
wire. 

liiffercDcc of There is no very great difference in the figure of the wood 
the root** and Stem j except that the possess not so 

stem. * much spiral wire j that the coils from one sap vessel to another, 
are not so large and strong, that the folds in (bS stem are hardly 
observable, indeed, except in Jirs, I never found any there, and 
even in them infinitely less than in the root; nor are they, 
I believe, marked by any spirals, as I see no cross ones sticking 
from one side to another, which immediately obtrudes on the 
sight when dissecting the wood of roots ^ but (be stem is 
perpetually marked by the shooting of the buds, which in trees 
and shrubs (especially at certain times of the year) is almost 
constant. These points, therefore, make the principal 
difference, andf balance the more regular motion the folds of 
.Siiljstancc ftf the root produce. I shall leave tbeVescriplion of the rising of 
mj-next letter. middle of the wood in those plants that shoot 

each year from the earthy till my meat letter, when I give the 
root of those plants. It is, indeed, one of the, most beautiful 
- effects arising from the spiral formed wood, and its consequent 
motion} it admirably accounts for the different manner the 
buds shoot, ill running up the wood instead of across it, as in 
trees} since in the one the spirals are in their cases and confined, 

but 
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bat in these they assist in forcing vp the plant, keeping the' 
vessels extended that the flower may not be injured, as 1 shall 
shew in my next. It is inconceivable by how many marks these Two grand 
two grand divisions in nature are indelibly fixed, I mean the ^vegetable 
between trees and berhacoc us plants, &c. their whole formation world, 
appears different, not only do the latter form the bud in another 
part, but their whole existence (the root excepted) is bat the 
growth of a year j but this laboratory is also in a contrary direc¬ 
tion. In tiees and shrubs, it must be at the bottom of the 
flower stem, for there all the pieces must be prepared and con¬ 
cocted, and its vessels arranged for the diiferenr'parts they are 
to compose ; but in plants that form their bud in the root, (he 
laboratory can be no where but in the root alone. I promise 
myself the greatest pleasure in a most exact investigation of that 
part. 1 have already near n hundred different roots with their 
flowers as they appear in the solar microscope ; but I wish also 
to give a specimen of them as they rise in the woo4 vessel, and 
shew how the spiral wire winds round it to keep it open. 

But dissection has done more for us than shewing the 
origin of the flower bud ; it has also taught us from whence the 
leaf bad.s proceed, and proved how extraordinary the difierence 
exemplified between the two, which will lead me to my last 
observations on tht bark. The leaf bud (as I have before shewn) Where first 
is formed of the juices of the bark and theelongation of its vessels, growing, 
it never touches the ^ood, except receiving the few nourishing 
vessels that run into it j nor proceeds further in the interior, than 
the inner bark where it is engendered, and remains till bursting 
out into leaf; and all the purposes nature seems desirous to effect, 
by its various precautions, is keeping the juices separate, the sap 
from entering the precincts of the bark, and ihe-bark liquid from 
reaching the w'ood : and the mor^toefibet the separation, all the 
trees that have a superabundance of bark j\iice, are di¬ 
vided by a curtain which preserves (hem from this mutual 
contamination. Now, we are well acquainted with the soften- 
ing power of the bark juicfs—does it not strike the mind, *^**^*^ 

that this piece must be placed iu such a situation to prevent (he 
alburnum from being injured, and the wood from being sof-. 
tened and destroyed by its reducing powers ?. But if (his klea 
strikes the imagination, bow much more must it convince the 
judgment, on examining the matter so applied, and finding, 

that 
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that though it is really nothing but a piece of wood so placed, 
(that must originally have been of the same hardness as the 
rest) but it is converted, (by means of this softening liquid,) to 
the appearance of a most beautiful white leather. Then^ 
indeed, conviction usurps the place of fancy, and we become 
assured that we guessed right. How strange, then, to alter 
all this beautiful arrangement—'justified (indeed taught) by 
dissection, in order to find a place of circulation for sap-vessels. 
No returning that cannot possibly require any j for why must they have 
bark?* returning vessels ? Is there not a great difference between 

an animal whie^, after the first few years, has no increase, 
and a being tb5t increases from every joint; and may be sup¬ 
posed, therefore, to draw up only those juices necessary for 
that increase, especially as the sap is the Jtquid of the earth, 
not the blood of the tree, as is easily proved by adding nur¬ 
ture to the ground when the sap fails, which soon restores it; 
besides, how is the circulation to be effected in the eternally 
decreasing branches of a tree, whose every additional twig 
must make a variation in the quantity of juices wanted; 
whereas, it is naturally decreased as it mounts by the throwing 
out hew shoots and branches, which expend the liquid as it 
IVo iinan- rises. JBut there are two, 1 may say, unanswerable arguments, 
gmuente existence of such 5 system. 1 st. If 

there were such a Jaw as gives circulation to the sap, instead 
of the power which merely carries up quantity of liquid 
wanted for the use of the tree, it would be universal in all 
plants ; it would be common to all without restriction. Now, 
there are a vast number of plants that lo^e their bark every 
winter, and renew it in the spring f but when the bark is gone, 
the inner biiik-vessels (full of their juice) are still seen pressing 
to the wood—but what would become of the returning sap- 
vessels ? Tiiliy could not do tlie same, or their quantity would 
have made a large portion of itsflf, and filled out the bark. 
No vcssils 10 which they certainly do not do 5 for there are rio vessels to be 
br found. found but those I have menlioned-reven the rind disappears 
* in mfiny plants. The vine is one of these, and many other 

^twinit^ plants. All the pentandrian plants lose their bark 
long before they have formed their seed. ' Numbers of the 
syngenesian plants begin very early to lose it j but as it dis- 
itppcars, leaving the rind, few who do not examine and cut 

f plants 
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plants continually, as I do, would know these little facts * 
that never present themselves to the eye, but require to be 
sought with a diligence few will bestow, though rewarded 
with a delight none but those who have felt it can conceive, 

Numbers of shrubs and setnishrubs also lose (heir bark, and 
retain the inner bark-vessels only. If, then, we suppose the Tlic bark so* 
returning sap-vessels to die away in the winter, what is to be- on «« win- 
come of the sap in the intermediate time? for it is a certain 
thing that the sap flows all the year ; and though, at the time 
it rises to form the alburnum, it is in gre^r quantity, and 
more visible to us, because it then shews itself between the 
bark and wood ; when the bark retires back,' the sap fills all 
the intervening pj^ce, and is only prevented from running into 
the bark by the curtain or division 1 have before mentioned. 

It is at this time that trees will bleed their sap, and the quantity 
that they will yield in that case, plainly shews that it is not 
their own juices, especially as custom will incrcasd them to an 
amazing quantity. But the second reason is still more forcible. 

The sap-vessels, as they mount, are most apparent in every 
part of the wood ; their large open mouths prove at once for 'nie 
what they are designed, and the quantity of sap always found mouths 
in these vessel5,,shew most plainly their office. If, (hen, there vossels.**^*'* 
were returning vessels, would they not also be visible ? But, Would not the 
in the bark of more than twenty trees which I have taken to returning ve.s- 
pieces, fibre from fibre, tracing their direction, examining them ' 
in the microscope one by one, so tlhat no vessel could escape 
me, not a sap-vessel can I find. The inner "bark-vessels, iden¬ 
tified by the dark liquid that fills them, and their peculiar shape 
and form, are not to be mistaken for any others j and I belie%c> 

I may say, that I am now so well acquainted with all the dif¬ 
ferent vessels of a /ree, that I dSn no longer fail^rom ignorance. 

But here, except the inne^ bark-vessels, all proceed in a diffe¬ 
rent direction either round the tree, or from the centre to the ^ 
circumference, how is it possible that such large and powerful 
parts should be invisible ? *The use of dissection is to correct Thp of dis- 

ihe work of imagination, or those experiments whi^ have •‘^t^Uon. 
that defect, forcing the juices into channels foreigh to tliSt * 
which nature has appointed for them. 1 have before sai3, that 
I' ev^ found nature disposed to seek resources in case of any^ 
unnatural impediment. I have ^)self (in several instances 

I could \ 
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J could meniioo) proved it. If Mr. K.^ tbeteibre> stops up the 
dital current, rt may force itseJf into the back to £od « pas- 
81^. But this does not teach us svhat are the directions of its 
sap-vessels ! This is the reason of my disliking isdl these ex¬ 
periments (at one time so mud) the fashion) and which, I am 
fit mly persuaded, is the grand cause of the mistakes made in 
phytdegy, and the reason why so little is known. A wioitg 
tAemical road was marked out, or it « as taken too early, before a foun- 

triab too soon. waahrid. I am only a dissector f I pretend to nothing 
but ddivering faithfully what I see, without exaggeration. If 
this matter was to be decided by argument or general know¬ 
ledge, 1 should never attempt to contradict a gentleman of 
Mr. Knight'sunderstandmg and abilities j bi t, after the quantities 
of dissections 1 have made (and 1 have many hundred barks 
drawn by me, besides the twenty I have taken to pieces) I 
must be well acquainted with that part, and there certainly is 
not a single sap-vessel to be found in it, except the nou¬ 
rishing vessels passing in their separate cylinders to the leaves. 
Speeimeas of The specimens I have given, on figs. 5 and 6 , will serve as a 
hark. pretty good example of barks in general, as they strongly re¬ 

semble each other. 

I must apologise for some repetitions in this letter, having 
already given a description of each separate part. Now that 
I come U> illy those parts to each others to cement the whole, 
and to shew in what manner they prove the truth of each indi¬ 
vidual observation, it will not be always in iqy power to avoidi 
shewing what has already been read. But I will do it as much 
as the explaining simply and plainly will permit. 

Your obliged Servantf 

AGNES IBBETSON. 

Cawley Catf 
2Sth Jan. 1813. 
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IV. 

Inquiries rekih^ to Ike Strmivre of Wbodt the specie Gravitif 
of solid Paris, and the (^antity tf Liquids and elastk 
Fluuh contained in it under various Circumstances ; the 
Quantity of Charcoal to be obtained from it; and the Qtian* 
tiiy of heat produced by its Combustion, By Covat Etist- 
FOKO, F. R. S. For&gn Associate of the Imperial Institute 
of France, 

♦ (Concludedfrom p. 335, vol. xxxiu.) 

Section V. 

Of' the Quantities of IFater attruiled from the Atmosphere ly 
fVoods of varTom Species, after being perfectly dried. 

IT has been long known that charcoal imbibes the hnmidity of 
the atmosphere with considerable eagerness; but ) have dis¬ 
covered that dry -wood atti acts it with still greater avidity. The 
following are the details and results of a series of experiments, 
made last winter, with a view to elucidate this subject. 

Having procured thin sha\ mgs, about five inches long, and 
half an inch broad, of nine different species of the woods of our 
climate j in ordei«moie ceitainly to ieduce them to an cqu.d 
degree of dryness, I began ray expei iment by boiling them for 
two hours in water, that they might be thoroughly impiegnated 
with that element. 

1 then dried them w^^ll in a stove, in which they were kept 
duiiDg 24 hours, exposed to a tempeiature higher than that of 
boding water, at ab^it 50^ of Fahrenheit’s scale. 

On taking them out of the stove, they were carefully 
weighed, being still hot; they W|‘re then suffeied to leinain in 
the open air for 24 hours, in a large room, wbosS temperature 
w as umfoimly during the day and night at about 45 to 45^, F. 
This was on the 1st of Februaiy, 1S12. 

The weight of the shavings, on being remolred from the 
stove, thoiougbly dried, and afier having been exposed to* the 
air of the large loom was as follows; 
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Wdj'ht. 


vSpccios of Wood. 

% 

t>a br'infj with- 
itrawn from ttif 
stove. 

After exposure 
uT hours, in a. 
jocni, at ii ‘‘Ciii- 
peratv.re of ■^'(5 P. 

Italian poplar. 

3‘58 grs. 

4 45 grs. 

Linie>tree, seasoned, and fit 1 
for the joiner's use./ 

5 28 

640 

Lime-tree, green-wood....... 

5 39 

647 

Beech. 

702 

862 

Birch...... 

4 41 

*5-47 

Fir.. 

5-41 

O '56 - 

Elm.... .. 

5 87 

T'lO 

Oak.. 

6-4 (i 

7-93 

.Maple. 

476 

565 


Hence it appears, that 100 parts of the wood, after 24 hours’ 
exposure in the large room, were composed of dry-wood and 
water in the following proportions : 


10^) parts of 

Secr-wood. 

Water. 

Poplar. 

. .. 80-55. 

. 19-55 

Lime-tree, seasoned... 

. .. 82-50. 

. 1750 


63'3l 

. 16 69 

Beech. 

... 81-44. 

,. 18-56 

Birch. 

. .. 80 - 62 ..!.. 

. 19-38 

Fir. 

... 82-47. 

. I7A3 

Elm. 

,81-60. 

. 17-20 

Oak. 

... 83-36. 

. 1664 

Maple. 

... 81-il7. 

. 18-63 


i suffered all these woods to remain itr tise large room during 
eight days, but their weight was very little augmented; and as 
often as the temperature of Jthe air of the room was raised 
above 46’ F.* they lost weight. So that the above may be con¬ 
sidered as their habitual state of dryness during the winter, in 
our climate. 

To ascertain the quantity of ^oisture habitually retained by 
theie woods in the summer, I made the following experi¬ 
ment. 

^hin shavings pf the species of woods ipentioned below, half 
an inch broad, were thoroughly dried in the stove, and then 
exposed for twfnty-four hours, in a room with a northern 

c aspect 
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aspect^ whose temperature was tolerably uniform at 62^ F. The Quantities of 
following are the results : woo^d* *” 



1 Wei;: lit. j 



' 


i\t the ac- 

In iriO parts of wood 



custoined 

wei% found 

Species of Wood. 


state of hn- 



When dry. 

Seer-wood. 

Water. 

tnidityin 
t)ie air. 
al tia® F. 



• 

Graiiune.s. 

(j|'amnie.s. 

Pai ts. 

Parts. 

Elm, the core. 

10 53 

11'55 

i 91-185 

8*815 

——the sap-wood 
Oak, seasoned, 

11-99 

1315 

9<"ip7 

8*803 

fit for the > 

13/0 

15 05 

91*030 

8*970' 

joiner’s use J 





--felledQth Sd^t. 

12-45 

13-70 ! 

90-667 

9-333 

Lime, seasoned. 

7*27 

7 - 8 O 

■ 93 205 

6*795 

——,wben growing 

67^ 

7 30 

92-466 

7-534 

-, the root. 

9-96 

10-80 

92222 

7778 

Elm, seasoned. 

925 

10-80 

91 133 

8*867 

Italian poplar. 

7'50 

8*00 

93-750 

6250 


With a view to ascertain the habitual state of the dryness of 
woods in autumn, I carefully preserved these same shavings 
till the 3d of November, in a northern chamber, not inha¬ 
bited ; at which period its temperature bad stood for several 
days at 52^ F. with little variation. I then weighed tho 
shavings, and from their weight calculated the quantity of water 
contained in them. 

The following table, containing the results of all these ex¬ 
periments, displays, in a famili^ and satisfactory manner, 
the customary statb of the woods, in different seasons, in our 
climate. 


100 parts in weight of wood, cuf into diin shavings 
aii^exposed to the air, contained water. 




Species of Woods. 

In sninmei', at a 
teuipcraturc of 

62“ If. 

In antumn, at a 
temperature of 
52“ F. 

In winter, at a 
temperature of 
45“ F. 


Parts. 

Parts. 

Parts. ^ . 

Poplar;. 

6*25 

11*35 ' 

f9-.55 

Lime. 

► 778 

11*^4 

17*50 

Oak. 

8*97 

12*46 

16-64 

Elm. 

8-86 

11*12 

17*20 

Vot.XXXV.—No. 162. 
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Qnantities of Fiom a comparison of these results it appettrs, that these 

TcrtatUc’m^t^r'when exposed to the air at a temperature of 45® F. 

in wood. contain twice the quantity of water, that they do when the 
temperatare of the air is at CO’' F. But it is necessary that 
the wood bl^cot into very thin shavings, to enable it to become 
suddenly in equilibrio with the air, conformably to its quality of 
an hygrometric body ; otherwise the state of the air may 
change, and that very frequently, before its humidity or dry¬ 
ness can have had sufficient opportunity to prodoce all its effect 
upon the wood.^. 

To discover what is termed the medium drynfss of any species 
of wood, in our climate, it is requisite that we be acquainted 
with the quantity of water contained in the wood, every day of 
the year, and even in every hour and every* minute, which is 
obviously impossible : but there is another method to be pur¬ 
sued in this enquiry, much less laborious, and which will lead to 
results as satisfactory as the nature of the subject will admit. 

As a very large piece of wood, a large beam for instance, 
dries so very gradually in the air, as not to attain a state df per¬ 
fect dryness in less than 5C or 60 years, it is sufficient to exa¬ 
mine the interior of such a beam, after having been sheltered 
for 80 or 100 vears from the rain, to discover the state of such 

• f 

part of the wood as may still be considered sound. 

In pulling down old houses, we meet with beams proper for 
the present enquiry. 

An old castle in my neighbourhood being pulled down, I had 
an opportunity of exaq^ining the interior of a large oaken beam, 
which bad, without doubt, been Uiere more than 150 years, and 
as it formed part.of the timbers of the edifice, had been secured 
from the rains. 

A piece of t}iis wood, in a high state of preservation, after it 
had been planed by the workman, was accurately weighed, and 
then plunged into water, to ascerfain its specific gravity. It 
weighed 7^ 05 grammes, and displaced j IQ grammes of water, 
at rhe temperature of 6l® F. j its*" specific gravity, therefore, 
W. 1 S 6 ^ 227 , and a cubic inch weighed 13*53 grammes. 

' ' Forty shavings.of this wood weighed 11'4 grammes, which 
were* reduced to lD2 gramnMIt, when tht‘y had been tho¬ 
roughly dried ia the s^ve. 


Hence 
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Hence we may conclude, that a cubic inch of this did wood Qnantitirs of 

Was composed of m«isi«r<? and 

^ . volutiieinutUr 

Ligneous parts. 0*39794 ^bic inch. ”* 

Water. O'OyiSfJ* 

Air. 0'530!20 


, 1 ‘00000 

We may aho conclude from these results, that llie wood of 
the centre of a large oaken post, though kept tfer ages out of the 
reach of the rniii, can never contain, in our climate, less than 

10 per cent, of its weight in water i and that a cubic inch of 
such wood contains more than half a cubic inch of air. 

Tlie^/’or/y medium temperature Paris Is about Sd-^'F.: 
now as vie have jlilt .seen that the habitual state of dryness in 
woods at the temperature of 52" F. is such as ^o give about 

1 1 per cent, of water for lOO parts of wood ; we must not be 
surpiped at finding 10 per cent, of water in the interior of a 
large beam, after it had been sheltered from the rain during 
150 years. 

To ascertain whether the property of wood to attract mois* 
tnre from the attnosphere vvas augmented gr diminished by the 
beginning of carbonl’^ation, I made the following experiments. 

Fourteen grammes of ash shavings, after being highly dried 
on a nivarble slab over a chafing dish, were exposed to the flir, 
in the month of February, in a large room, whose temperature 
was about 20® F. and in 15 hours they had gained 165 
grammes in weight. 

Fourteen grammes Df the same sort of shavings having been 
first scorched in the stove ttll ih^ had assumed a bfown colour, 
were at the same time dried over the chnfing<dish, and exposed 
with the others to the cold<iir, for the same lengrlj of time j but 
they gained in weight only 1*01 grammes, while those which 
had not ^en scorched, as al^ady stated, had gained 1‘65 grs. 

Foujteen grammes of the shavings of lime-wood, iij theit 
natural state, and 14 grammes of the same kind of shavings, 
after they had beei^ violently scorched in tljp stnve, were^rieif 
together over the chafing-dish, and then exposed in the open 
air, at the temperature of 40*? F. for 15 hours. The shavings 

H 2 in 
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Moisture, &e. in their natural State gained 1'33 grammes in weight; while 
in wood. those that had been scorched gained only 07 grammes. 

A similar experiment, upon shavings of the cherry tree, some 
in their nat^l state, and others scorched, was productive of 
the same i^lt. 

Whence we conclude, that wood in its natural stat^ attracts 
the moisture of the air more copiously than it does after 
having been subjected to the first degree of carbonisation. 

From similar experiments upon wood and charcoal, I find 
that dry wood ,<utract8 humidity more powerfully than dry 
charcoal. 

It would be worth ascertaining, whether wood is not also 
more powerfully attractive of gas than charcoal; but as I have 
not time to enter upon this particular inquiry, I can only re¬ 
commend it to those whose inclinations may lead that way. 
Leaving, therefore, this subject untouched, I must, without any 
farther circuroerration, pursue the original object 1 bad in view 
in these disquisitions upon wood, vix. to endeavour to ^come 
acquainted with those inflammable substances, which bffn on 
setting Are to a piece of wood under a calorimeter. 


Section VI. 

Of the Quantiles qf Charcoal to he oltained from different 

Kinds of Wood. 

Prodnciion of Having discovered that pieces of wood, more or less thick, 

'PtiArcoftl ^ ^ 

may be perfectly carbonised in glass vases, with thin tops, 
closely covered, and exposed for two or three days to a mode¬ 
rate beat In a stove, I adopted this method in all my experi¬ 
ments on the carbonisation of wood. 

The glass vases which 1 make use of, are what the chemists 
call proofs, wjth feet: they site small cylindric vessels, about 
an inch and a half in diameter, and six inches in height; the 
covers consist of glass plates, about two inches in diameter, and 
from two to three lines In thickness, neatly ground with very 
fine emery, well diluted with wat^r, on a large glass slab; and 
• the edges of the vases being ground with the same exactness, 
^her became hermetically closed by the covers, so as to preclude 
every access of tbe*air, especially if the edg§s of the vases, and 
the whole surface of the covers, be well rubbed with black-lead. 
The elastic fluids, in escaping from the interior of the vases, 

^ occasionally 
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tecaoionaliy raise the cover for a moment, on one side, even Preparation 
when surmounted by a considerable weight; but as it is only 
raised a very little, and falls again immediately, the vase is &c. 
never open more th-m an instant at a time, and then not so as 
to admit the obtrusion of any etftraneous matter. ^ 

When one of these vases is put into the stove, it is placed- 
upon a square tile, or half brick, of burnt earth, and another 
of the same kind is also laid upon the cover to keep it steady. 

During the carbonisation of the wood, the interior of the vase 
is always clouded, assuming a very deep blackish yellow colour; 
and during the operation, a strong smell of sent, or df pyrolig¬ 
neous acid, issues from the stove ; which is even insupportable 
at the romraencement, if it be too nearly approached, as well 
as on withdrawing the vases from the stove, if the covers be 
removed without due precaution. 

There is, therefore, a decomposition during the carbonisation 
of wood, and a format! n of pyroligneous acid.^ This fact has 
been long known ; but in some of my experiments, and parti¬ 
cularly in those made upon fir, with a very moderate fire, I ob¬ 
tained a product, which, upon a very exact scrutiny, appeared to 
me to be bitumen. 

This product had been condensed upon the glass cover, 
whence it4iad afterwards run in large drops upon the vertical 
surface of the side of the vase. It was hard and brittle, of a 
dark yellow colour ; it was not affected by boiling water, nor 
by boiling alcohol j but was gradually dissolved by sulphuric, 
ether. 

It would be supetfious here to enter upon the detail of all 
my experiments relative to the carbonisation of wood. As the 
process I have employed cannot now but be well koovtrn, after 
what I have said in this menmir, and in the one that I bad the 
honour to present to the class on the 30th of December, in last 
year*, I shall here only give the results of those experiments. 

The six following, made with dififerent species of wood, were 
so uniformly alike in thei^resuits, that 1 was much surprised. 

One hundred parts (10 grammes) of the six following kinds 
of wood, in thin shavings, and tborou^ly dried, were carbonis¬ 
ed at one time the stove, in glass vases^ well closed with &id 


^ Inserted in this Jonrnal, Vol. XXXIl. p. 100. 
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8^®*® covers. As the heat was managed with great care, iq 
of woo(|, order to determine witli precision, from the weight of the vases, 

the moment when the operation was finished j the experiment 
occupied four days, and as many nights. When the vases with 
their contents ceased to lose weight, the process was stopped;^, 
and the charcoal was weighed while still hot. 

T/ie following were the results. 

^ Poplar.... 43'57 parts. 

100 parts in weight of dry wood,_^Fir.44'18 

gave in dry charcoal. \ Maple.... 42 'i3 

/Elm.43-27 

VOak.43 00 

The medium term of the results of these 6 experiments gives, 
43-33 parts of charcoal in 100 parts of dry wood j and as they 
were made with woods differing considerably in their apparent 
weight, their hardness, and other distinctive prhysical characters, 
we may conclude from the great similarity of the results of 
these experiments, that none of the circumstances, from which 
the woods derive their particular characters, have any materia^ 
influence upon the quantities of charcoal they are capable of 
yielding; and hence we may deduce that the ligneoustfubstance, 
or seer-wood, if not the same in all, is at least composed of 
indenticai substances. 

There is still, however, a very interesti^ question remaining 
for discussion, viz. Is the seer-wood, charcoal ? 

To elucidate this question, I began by examining whether 
charcoal had the same specific gravity as seer-wood. 

I, therefore, fbduced some common oak charcoal, which 
appeared to be well mannfactured, into pieces about the size of 
small peas, and then boiled them in a pretty good quantity of 
Seine water, previously well filtered : tfee pores 0 / the charcoal 
were speedily so completdy filled with this liquid, that becom¬ 
ing heavier than the wafer; in equal ljulk, it precipitated itself 
to the bq^tom of the vessel, and there remained. 

On removing the vessel from the fire, the watw was suffered 
to ^1 to the temperature of 60" F.; and th|ti the charcoal, 
while still submersed, was pul into the small glass vase of the 

hydrostatic 
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hydrostatic balance, and weighed. Ils weight in the water, at 
, • ^ ° * respecting 

the temperatui-e of OO® F. was 3*44 grammes ehaicoaf, &c. 

When the charcoal was taken ont of the water, it was ,put 
into a cylindrical glass vessel Ji inch in diameter, and 6 inches 
in height, in which it was thoroughly dried in the stove at a 
temperature of about 265" F. 

After it had been six hours in the stove, it was taken out, and 
weighed, while still hot, and found to be equal to 6 7 grammes j 
therefore its specific gravity was 157373. 

We have before shewn, that the specific gravity of the solid 
parts of oak, in the state of seer-wood, is 153#10. 

This is certainly very similar to that of charcoal made of the 
same kind of w'ood ; but we have not yet proved seer*wood to 
be charcoal ; on tlw contrary, we have just seen, that it requires 
100 parts of seer-wood to obtain 43'33 parts of dry charcoal. 

Neither is seer-wood simply an hydrure of dry wood, as we 
shall see in the sequel, * , 

It should seem that the fabric of a plant, which may perhaps 
be nothing but pure charcoal, is always covered with a substance 
analogous to the flesh which conceals the skeleton of an animal. 

This vegetable flesh does not exist in considerable masses j for 
as the plant is not under tbe necessity of moving from one place* 
to another, in search of nourishment, it has no need either of 
flexible joints in its skeleton, nor of muscles capable of exerting 
a great force j and it probably arises from the circumstances of 
the skeleton and the ^sh being very intimately blended 
together, that they are not discriminated and distinguisbed frona 
each other. 

I consider seer-wood as the skeleton of the plant, with the 
flesh, though quite dried, still adhering to it: aR as we have 
seen that there are 43*33 parts of charcoal in 100 parts of seer- 
wood, I should say that 100 parts of seer-wood ifre composed 

Charcoal. 43*33 parts. 

Vegetable flesh,^dri«d... 56-67 

Making together. 100*00. parts. * 

The betutiful ayalyses of Messrs. Gay l^ussac and Tb^nard, 
have shewn, us that seer-wood is composed of carbon, hydrogen, 

^nd oxigen ; and that two diflerent species of wood analysed^ 
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Qnantity of by tbotn (the beech and the oak) were composed of these 
obtained from elements in nearly equal proportions. They also dis- 
wood. covered that the oxigen and hydrogen in these woods are in the 

requisite proportions for the formation of water : wherefore 
they concluded that carbon was the only combnstible substance 
contained in wood. 

■ It will appear in the sequel, how well the results of these 
ingenious inquiries accord with those of my experiments. 

But first, I shall examine what quantity of charcoal it is 
possible to obtain from diflFerent species of woods, under 
various degrees df dryness, pursuing the method already adopt¬ 
ed in my experiments. 

From the mode in which charcoal is ordinarily made, a very 
considered portion is lost, and improvidently burned during 
the operation. 

As it appears to be clearly proved, by the results of the six 
experiments above related, that the quantity of charcoal to be 
obtained from any given quantity of wood, is invariably in pro¬ 
portion to the quantity of dry ligneous substance contained in 
the wood, the inquiiy into the quantities of charcoal to be 
produced from diffcreiu species of woods, at various degrees of 
dryness, becomes limited to that of the quaurities of wood 
absolutely dry, contained in the woods in question. 

It has been shewn that lOO parts in weight of oak, thoroughly 
dried, gives 43 parts of charcoal. 

We have likewise seen, that 100 p^s of oak as dry as it 
can be made in summer, at the temperature of (> 2 '' F. contains 
only 91 parts of seer-w'ood, and, consequently, that 100 parts of 
such wood would furnish only 39 -13 parts of charcoal. 

From the r^lts of an experiment, of which 1 have given an 
account in this memoir, it appears, that 100 parts of oak, in the 
state wherein it*is found when exposed to the winter’s air, at 
the temperature of 46 F. contain conly 83*36 parts of seef- 
wood ; consequently, lOO parts of such wood would yield ino 
more than 35*84 pans of charcoal. ^ 

Fro^i the examination we have made of the oak, in that state 
in which it is deemed fit for burning, we have found that 100 
parts this kind t>^ wood contain only 76 ^arts of absolutely 
dry wood j whence we conclude, that 1 (K) parts of such-wood 
would produce 32'68 parts of charcoal. 

If 
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It has been shewn that 100 parts of an oak felled on the 6th 
of September, while in agrowing state, contained only 62 56 obtaned fr«m 
parts of seer-wood, and that consequently 100 parts of^nch 
wood would yield only 2 6g pans of charcoal. 

In making these calculations, no account has been taken of 
the quantity of wood, or other combustible, burnt in order to 
heat tiie closed vessel In which the wood was carbonised, 
purluant to the process here adopted, But it may be remarked, 
that such quantity will be increased or diminished according to 
the construction of the furnace, and the armngernent of the 
other parts of the apparatus; and it will always be too consider¬ 
able to be omitted in the list of expences. 

As M. Proust obtained only IQ or 20 parts of charcoal in 100 
of oak, it is prob^le that some waste occurred in the piocess; 
but ns it is certain, that in the carbonisation of wood, some loss 
will happen ; so in the ordinary method of making charcoal, 
there is always a considerable reduction of the^quantity that 
ought to be produced, arising from the quantity of wood con¬ 
sumed, either wholly or in part, to obtain heat sufficient *to 
char the portion of wood that is reduced to a coal. 

Mes.sr5. Gay Lussac and 'I'htnard found from 52 to 53 parts CombOatiou of 
of carbon in 100 of seer-wood ; but lOO parts of seer-wood ®**'“^®®®** 
yielded me only 43 p'rrs of charcoal ! this difference, however, 
it is easy to explain, as will be seen in the sequel. 

♦Section VII. 

Of the Quantities of Heat developed in the Combustion of' 
different Species of Wood. 

A 

Many persons have alreadv endeavoured to determine the 
relative quantities of heat furryshed by wood and charcoal in 
their combustion ; but tbe results of their inquiries have not 
been satisfactory. Their Apparatus has been too imperfect, not 
to leave vast incertitude in the conclusions drawn from their 
investigations. Indeed, the subject is so intricate in itself, that 
with the best instruments, the utmdst care is requisite, lest, 
after much labour, tbe inquirer should be forced tew contea4» 
himself with apfiroximations instead of «ccuiate results and 
valuations strictly determined. 

. All woods contain mudi lAoistnie,. even w'bieD apparently 

very* 
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Manner of 
the experi- 
mento or 
ascerraining 
the beat Irom 
charcoal, 


very dry } and as the persons alluded to have neglected to' 
determine the quantities of absolutely dry wood burned by 
them^ much uncertainty prevails in llte results of all their 
experiments. 

Another source of uncertainty lies in the great quantity of 


lie.'it suffered to escape with the smoke and other products of 


the combustion. 


As the calorimeter used in my experiments^ has been describ¬ 
ed in a memoir which I had the honour to present to the clats 
on tlie 24th of February, IS 12, u is nntjoce'jsary here to 
resume that subject; suffice it to c-Apiain, in a few words, the 
various precautions I adopted in burning wood under the 
calorimeter. 


I picked out the woods intended for 'he experiments, from a 
. joiner’s workshop, and they al) appeari:.^ to be quite dry ; I had 
them formed into small boards, six inciies in Ictigth, and half an 
inch thick : from these boards I had some shavings planed off, 
about lolOth of a line thick, half an inch broad, and 6 inches iu 


length. 

When those shavings were sufficiently dry, they were burn- 
edf one by o”o, under ihe rjiouth of ilie calorimeter j and I took 
care to bold them, by means of a small pair of nippers, so as to 
make them burn with a brisk flame, and without the least 
smoke, or smell, or calculable residuum in ashes. 

The following is the method 1 pursued iu making these 
experiments. * 

The calorimeter, filled with water a,t a temperature of about 
5“ of Fahrenheit’s thermometer, lower than that of the apart¬ 
ment in which the experimShts were made, was placed upon its 
stand'at the height of about 18 inches above the table on which 
the apparatus was^laid. • 

The extremity of the calorimeter, containing the opening, 
which I call its mouth, projects about 4 inches beyond the edge 
of the stand, so as easily to admit the point of the flame from 
the small piece of burning wood ; and the height of the stand is 
so adjusted, that the operator may rest both his elbows on the 
tckle, while his bands sustain the fragment of wood to be burned. 

Near*tfae calorimetef staiKls a small lamp, by«which'the pieces 
of wood, or rather shavings, may,without loss of time, be set on 

fire, and burned in succession; and care is taken to have always 

• ^ 

0 in 
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in (he hand a sufBcieut quantity pf the shavings^ of a known Heat firom 
weight. charcoaL 

The very snqali portions of the shavings which remain 
between the nippers are carefully preserved and weighed, at the 
close of the experiments, to determine precisely how much of 
the wood has been consumed. 

An assistant keeps his eye constantly or the thermometer 
attached to the apparatus, aud announces the moment when the 
water in ihe calorimeter has attained a temperature as much 
higher than that of the room, as it was below it at the begin¬ 
ning of the operation ; apd the tlanne from l£ie piece of wood 
then burning is immediately blown out. 

The rematns of the shaving is laid aside, to be afterwards 
weighed with the (ither fragments. 

Tlie water in the calorin;)etcT was then stirred, by shaking it, 
taking care to hold the instrument by its wooden frame, atid 
the temperature of the watet was minutely observed and set 
down in a register. 

An experiment of this kind usually occupies about 10 or la 
minutes, according to the nature of the wood, and the number 
of degrees to which the temperature of the calorimeter is raised. 

1 made choice of the birch for my first experiments, because 
the texture of its wood is very firm and even, and burns with a 
very regular fiamc. 

To give the details and their results in few words, I have 
placed them together jn the subjoined table. 

The calorimeter, with the water it contained, was equal in 
capacity, as to heat, to 2/81 grammes of water. 



STBOCTURE OF WOOD, &C. 


idd 


Resnrtt of 
C''Pibn*>tton as 
to the beat. 


Heat developed in the Combustion of Birck-ufood, 


*/irc-wood, Q j'Pars old.., 


Shavings dried in the air,. 


Shavings hi^']il> diicd ( 
over a chafing*dis£i.. S 


^havings hiehly dried 1 
and scorched in e> 
^tovc....) 


Shavings scorched, but] 
not to so high 
degree.... 


ed, biitl 
ligh 


No. of.Uaan< 
the Itily ol 
experi'i wood 


nieius. 


3 

4 


6 

7 

8 
9 

10 


con- 


g^ram 

4* 

4 - 5 .'> 
4 »4 

3’97 

2*58 

4-97 

5*07 

5*10 

489 



Result, 

wi;)i tiie beatdcvelop- 
ifi combustion of lib. 
of combustible. 

Heat 

coin- 

munN 

cated 

to the 

colori> 

meter. 

lb. of 
water 
heated at 
1® of Fah¬ 
renheit’s 
thermo¬ 
meter. 

lb. of 
water 
at the 
tempera- 
tare of 
meltiof 
ice, 

throiivn 
into ebul¬ 
lition. 

Deg. 

1<'§? 

yii 

sms 

6261 

5 32*44.5 

1 32-841 
534*«05 
/ 34-881 

10 } 
CK 

7002 

C38*916 

<38-925 

(38-858 

lof? 

5614 

r 31*325 



131*052 

10§ 

5971 

33*174 


Remarks. On comparing the results of these six experiments, all made 
with the same kind of wood,in their shavings, it will appear that 
the drier the wood, the greater was the quantity of heat pro¬ 
duced from a given weight of shavings. But I found, in takjng 
account of the quantities of moistnre contained in the woods, 
the quantities of heat were always sensibly proportional to 
those of the dry wood burned } with the exception, however, of 
the three latter experiments, which were made with wood 
highly dried for 24 hours in a stove, and which gave several 
indications, by no means equivocal, of the beginning of a 
decomposition. 

. The shavings most scorched in the stove, gave less heat than 
those which had been less scorchedj the two sorts being taken in 
equal weights. 

In all these experiments more or less water dripped from the 
worm; acertain proef that fome hydrogen had been burned: this 

fact 
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fact I was very desirous to verify, on account of its ffreat Combustion of 
importance to science. charcoal. 

It ia not, therefore, mere carbon which furiushed all the heat 
developed in the combustion of woods : of this important fact 
we shall shortly have an additional proof. 

As the great quantity of azote carried along with the pro¬ 
ducts of the combustion, and whicb,after having passed through 
the worm, was lost in the atmosphere, also, without doubt, took 
with it a little more moisture than it had brought into the 
apparatus; a calculation of the quantity of w^ter formed in the 
combustion of wood, grounded onlyt)n that found in the worm, 
would be erroneous : though there was always considerably 
more than necessary to demonstrate that water had been 
formed. 

Before we close this paper, we shall point out a mode 
whereby tlie quantity of water thus formed may be estimated, 
even to such a degree of precision as to leaive nothing more to 
be desired. But it is first necessary to determine the quantity of 
heat developed in the combustion of the carbon found in this 
wood, and which was totally consumed. 

Although our experiments on the carbonisation of wood, i<^ 
close vessels, by a moderate 5re, leave no doubt as to the 
quantities of charcoal which the woods therein employed were 
capable of producing; still the knowledge of this fact is not 
alone sufficient to enable us to determine the quantity of carbon 
contained in the wood. 

As too parts of wood are required fur 43 of charcoal, it is 
evident that the seer-wood is at least pa tially decomposed, 
when the charcoal is produced in the process of carbonisation ; 
that is to say, wh( n ihe skeleton of the wood is deprived of its 
flesh, and left naked ; and it is*weU known that a great quantity 
of pyroligneous acid is formed in tire carbonisation of wood, and 
this acid contains carbon. 

From the process employed by Messrs. Gay Lus'sac and 
Thenard, in their learned analysis, there can be no doubt that 
they discovered, and kept anaccount of all the carbon found in 
the woods analysed by them j and as there was no pyrbligneodT * 
acid formed in m^ experiments, when the wood wai totalfy con¬ 
sumed without either smoke or smell, it is manifest that in this 
case, all the carbon contained in the wood was burned. 

According 
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ComJjcistion^ (q the analyses of Messrs. Gay LusseC anti 

tharcbai. Thenard, 100 parts of oah, perfectly dry. Contain 52‘54 parts of 
carbon ; and ICO parts of beech contain 51 '45. 

Now as it seems to me extremely probable that the dry 
ligneous substance is palpably the same in all woods; I shall 
take the mediain terra of the results of these two analyses, and 
consider it as an indubitable fact, that 100 parts of perfectly 
dry wood'contain 52 parts of carbon. 

Therefore, as 100 parts of seer-wood furnished me with 
. only 43 of charcdal j we must conclude, if dry charcoal be con¬ 
sidered as carbon, that of the 52 p.^rts of carbon contained in 
100 parts of seer-wood, Q are taken up in the composition of 
the pyroligneous acid formed in the cniboni^ition of the wood. 
Which 19 parts make more than 17 per cent, of all the carbon 
contained in the wood. 

Though charcoal should not be purely carbon, we must, 
nevertheless, admitihat there is still a much greater proportion 
of carbon employed in the formation of that acid, or of other 
substances which fly off into the atmosphere during the pro¬ 
cess of the carbonisation of the woo«l. 

In pursuing inquiries in natural philosophy, the first Object 
that demands attention, is to keep an accurate account of 
weights j and so long as we proceed with the balance in 
hand, there is little hazard of being misled. 

And here, before I proceed farther in the inquiry into the 
souices of the heat developed during the combustion of wood* f 
shall exhibit a general table of the details and result .of 43 
experiments, made upon 11 different kinds of the woods of our 
climate. As | shall have occasion to refer to some of these 
experiments, for the establishment of facts, it is requisite that 
they should first^be known. 

All tlicse experiments having beeij made and registered long 
before 1 beg.an the calculations ultimately adopted for the eluci¬ 
dation of their results; I have no^ hesitated to rely on them. 
And fa’^ther, as they were made with all possible care, and with 
.. instruments, to me apparently perfect j I can answer for their 
accurecy. c ^ 

New expeiiments ever bear a certain value j all the know- 
. ledge which constitutes the imperisliable riches of mankind, 

• (consists only of accurate statements of well-conducted experi¬ 
ments. HaQpy they who have the good fintune of contributing 
totnclhing to the genera! stock ! Heat 
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Heat developed in the Combustion of various Species of Woods, 


Species qf 
Wood, 


Quality, 


Lime • 
Ditto - 
Ditto . 
Ditto - 
Ditto • 
Beech - 
Ditto . 
Ditto . 
Ditto - 
Elm -. 
Ditto - 
Ditto - 
Ditto - 
Drtto - 
I>iUo - 
Oak - 
Ditto - 

Ditto - 
Ditto - 
Ditto - 
Ditto - 
Ditto • 

Ash 

Ditto - 
Ditto - 
Vopls . 

Service- 
Ditlo - 
f Yim 
Ditto - 
Ditto - 
Hr - - 
Ditto • 
Ditto . 
Ditto - 
Ditto . 
Poplur 
Ditto « 
Hoittbeam 
Ditto' - 
Oofc - • ■ 


Num¬ 
ber of 
the Ex 
peri- 
ments. 


Quan- 
itft oj 
wood 
'ntrnt. 


Joiner’s dry-wood, 4 vear^ old.-. 

Ditto......;... 

Same kind, liii;ii]y dried over a eJialing-disli.. 

Ditto...r.. 

Same kind, ruthei 'ess dried.;. 

Joiner’s dry wood, 4 Ox i> yea is old. 

Ditto., a. 

Same kinu, highly dried over a ckutiug-disli.. 

Ditto. 

JoiiM r's V ood, ratlier moist...... 

Joiner's dry-wood, 4 or 5 years old. 

Ditto ..... 

Same kind, highly diied ovi r a chafing-dish.. 

Ditto... 

Same kind, dried and scurchtd in tlie stove. 
Commoii tire-wood, in moderate shavings... 
Same kind, in thicker shavings ; leaving a 

residuum of ehai coal. 

Ditto^ ill thin shavjuj>s... 

Dijto, thill shavings, well liiicd in the air.... 
Joiuci’H wood, very drv, in thin shavings. .. 

Ditto.I.,...'.. 

Thick shavings, leaving O VU grains, ofolnir- ( 

coal....... I 

Joiner’s eotmiioii diy wood... 

'^ainckind, sliuvings dried in the air. 

Same kind, highly dried over a chafing-dish. 
Seasoned wood, highly dried over a chafing- 

dish. 

Ditto....... . .......ditto.. .. ... ..... 

Same kind, scoiehcd in a stove.I'. 

Joiner's dry w'oed... 

Same kind, highly dried over a ehafing-diSh 

Same kind, scorched in a stove. 

Joiner's commonflry wood.....*. 

Shavings, well dried in the air. 

Highly dried over a ciiafing-dish. 

Dried and scorched in a stove. 

Tl^ck shavings, leaving much charcoal. ..... 

Joiner's common dry wood.. 

Same kind, highly dried over a chafing-dish. 

Joiner’s dry wood... 

Ditto....?. 

Dri#.d in I imperfi'ctly^ gram. 

Jl9 6wjiter5 burned, t 0'8i 
leaving a residuum of cfaareoal, inr 0 7b 
the combustion of...%. ] O'O') 


!* 

S7 

38 

30 

40 

41 - 
4-2 

41 

45 

46 

47 
4B • 
40 
50 


nliatcd to Quantity of 
tsewlori- *at«. »t«i« 
niotcr, ifcawlas tempo. 

nhowcapi- "f™. •>» 

ci*y wai tt.c Soit develop- 
equal to «>> inttecooiboa- 
178* Brim. ‘''O" *'•>■ •* 

uicsuiwntcr. ‘‘otnbuatlblc. 


Ih. 

34'609 

34'805 

30:605 

40'653 

38-833 

33-817 

.33-r.ig 

36’;-i34 

36-184 

27-147 

30-3.59 

.30-0.51 

3-1-515 

3-3'651 

30'900 

2.5-59B 

24- 748 

26-272 

29- 210 

29 Sfart 
19-7 9C 

26-227 

30- 066 
33 720 

35- 449 

36- 117 

.V)-130 

32- 337 
3.1 ;JJ9 
.‘56'904 
.34-76} 

30 322 
34‘ 

37- .379 

33- 358 
28'o95 

34- 601 , 
37-161 

31- 800 
31-<.09 

426*421 

25- 591 
2.V917 

'I liese 
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Existence fnd Tbes^experiisent^ mighHe^d to a^reat Duipber irf'observa- 
of chait^^^ } but 18 hall endearour to reduce them to the exposition 

•wood. of a few simple facts which they present 

One fact, certainly very curious, and of the first importance 
to the knowledge of the vegetable economy, appears to he 
well establishelS, viz. that the skeleton of trees is pure charcoal, 
and that it exists in a perfect state in wood. 

If this charcoal did not exist, per-fectly formed, in wood, 
it could not possibly preserve its form, while its envelope of 
vegetable flesh is destroyed by the fire in the process of car¬ 
bonisation. ^ 

As the vegetable flesh contains hydrogen as well as carbon, 
it: is more inflammable than charcoal, and is consumed at a 
lower temperature j and, by proper mai^ement of the fire, 
it may be totally destroyed without the inclosed skeleton of 
charcoal being injured. 

Some months, ago 1 presented the class with a small sprig 
of charcoal, produced from a piece of oak partially burned 
nnder my calorimeter. It was nearly all the charcoal contained 
in the piece. All the coat or flesh of the wood burned with 
a brisk flame, and the skeleton of the wood had got red, bat 
the heat was not sufficient to consume it. 

The charcoal-maker seldom does more than burn the flesh 
of the wood, and leaves the skeleton of charcoal naked. 

The dry vegetable flesh produces more heat in its combus¬ 
tion than an equal weight of dry charcoal. 

Shavings scorched in the stove, by a great heat, yield less 
heat in their combustion, than shavings of the same kind of 
wood, wliose vegetable flesh has not been touched. See expe- 
rimenhj No,^, 6 , '7, 8 , 9 , lO, 25, 38,41, 45. 

In tables of experiments, ,similar to those registered in the 
preceding table, it is scarcely possible to have errors cin the 
greater side j bui^ey,,may easily tnough happen on the lesser. 
We may, therefore, place the more confidence in those wherein 
tbe qnantities of heat manifested thave been the greatest. 

ItFibc experimentsy No. 13 and 14, the wood of the lime- 
tree, dried over a chafing-dish, was productive, of^more heat 
than any other wcn)d that 1 examined. « 

The result, ityrill be seen, was for lib. of this wood hunted 
in experiment, m « 


No. 



« * 

AM iOu -.#W 1. Jh>> 

'- -401^31.?, vipo. 

J < ! ■ " ' » r ») J| ft'» 

Itt iiR^ief liKJCwri^ly to aoKMMtftia bo#tnoch%ftt^' 4i!Siod 

contflkifd^ I Ari/6d Ib^n'bo^f in the stove « pfl^l q£ 
which ^'hekm pMvlpcMi^ dried c>ver the cbiifiYiig ^$b, end 

foMd tbdl It stfti retained 6^ 977 pw^cent- watef, 

' tmyi eondude, that lib. o^ this wood taoaKains 

onlyO'^tX&Slb.of seer-wood, 

NoW| If i0'93023tb. of aeeft-weod wtH heat 4013151W<^ 
w^Eder to P„ IU>. of the aarae wood ought to beat43’*14J. 
Id. y*end I tbel^fhfe tahe thiv quantity of water healed to 
f^daihe ^ndard of the heat develops in the comboa^ 
tion of lib, of wood perfectly dried. 

Iihfily persona have eudeairoured to account^ for the he/it 
mnhifestedirtibeceaibultion of wood^ by a^nbutting It alto¬ 
gether tO<tlie chattoal contained in the wood burned. 

‘'Thishypcstheftis we have now to examine. 

Tt has btnm seen* that lOO parts of tlie wood of the liine- 
tree^ perfectly dried, Ridded 43 5 g padts of charcoal} ooom- 
qdlintl^ lib. of this wood, thoronghly dried, can contain only 
0^^5914. of charcoal. 

Atcording to the results of Crawford’s experimenti, winch 
we have found to be veiy hccurate, lib. of cbaicoal fumuhes 
in its cotnli^stion only the necessary heat for raUng 57'608lb. 
of water to 180*^ P. } therefore the charcoal contained in lib, 
of drjf limestifood;^ equal to o^4359ib. «eui furnish in its com. 
bastion no more heat than is necessary to rafse 25'lllib. of 
watef to 180*1 but as the l^xperknent has given 43* 14llb.^ 
there i^tNsertainly have been 
besidejl thq cbarGoal, an^ which 
than faydrcgda. * 

Before v7e determi^ th^ Mmumed, 

it is^eaaeo^ to aacert^nlho# '<diltiqhi %St' has 
not mdrel^ b^thechlltep^l hs^ idt tSy the 
cathoo contahied in the wood'^ for H is -my certain, tl)i«4iU 
IforsKMf iMsno pyi^g)i» 9 eus acid Was formM* 

Vox.,:itXXy»<^<l4 Sddt 1 According 



substance ^tinted 

eheeoao^j4he>^ 
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Combustion of Accordihg to the analyses of M^lsrs. Gay Ltisme and Hie- 
duu^ah ” nard> lib, of dry wood contains jCFlfSfb. of carhdti. ' 

If we adopt Crawfuvd'a estioaate* we shaU find, that tba 
combustion of 0'5!2Jb. of carbon ought to fiimiidk beat foiBcient 
to raise Sp’g^filb. of water to IBO® F. 

Deducting this quantity of water from that given by the 
expdnment, vie. 43 i4llb, we shall have 13‘l83lb* ^ the 
measure of the heat produced by the combustion of the hydro¬ 
gen consumed in the experiment. 

From the results of this inquiry we may conelode,'that If the 
beat manifested in the combustion of wood, rather more than 
two*tbirds are produced by the Combustion of the carbon, and 
a little leas than one-third by the hydrogen consumed. 

These data supply us with an easy methiM of determining 
the quota of free and combustible hydrogen contained in seer- 
wood. 

According to Crawford’s estimate, which we have followed 
all along, lib. of hydrogen yields in its combustion heat 
sufficient to raise 410lb. of water to 180<’ F. ; therefeu’e, the 
13 1851b. heated to 180^ in the experiment in question, must 
have required OCX35158lb, of hydrogen, which is consequently 
the amount of free and combustible hydrogen contained iu lib. 
of seer-wood. 

Assuming the medium term of the results of the two ana¬ 
lyses of dry wood, made by Messrs. Gay Lussac and Tbenard, 
lib. of seer-wood would be composed of 

Cirbon.0‘52lb. 

Hydrogen and oxygen, in the neces¬ 
sary proportions for forming water 0'46 


^foin ibe^TCsnlts of my experimenti, ilb. of seer-wood is 
composed of two distinct substances, viz. 


Aslteletdttof charctKti, weighing .. .. .. 0‘43lb. 

Vegetable fiasb.. .. .. 0 57 






^TiiucTtraB wood, &c. 


Its 


And th^ne 0*i57lb. of veget^Ueils^b are conipotod of Cambustlon 

Carbon, free and combustible .. ., O O 9 O ^ char^.*^** 

Hydrogen, free and combustible .. ,. 0*035 

Hydrogen and oxygen, in the necessary 
proportions for the formaticm of water 0^445 


0*570 


In making these estimates, I have availed myself of the 
valuation of the total quantity of caibon* contained in seer« 
wood, given in the analysis of Messrs. Gay Lussac and The* 
nard j and I have supposed the 43 per cent, of charcoal, which 
I found contained in seer-wood, to be pure carbon. 

Should it ultimately appear, that charcoal is not pure carbon, 
which is extremely probable, numerous alterations in all these 
estimates must follow, though the experiments madp upon the 
woods will always retain their value. And I cannot but hope, 
that they will be frequently repeated, with such variatipna as 
rpay conduce to important discoveries. 

It will be a satisfaction to me to know that 1 have pnt into 
the hands of more skilful workmen than myself, some instru* 
ments of which they may advantageously avail thenjselvesj 
and to have pointed out, as well as a little smoothed, a n^w 
path, wherein they may walk without danger of being lost. 


Section VIII, 

Of the Quanli^t of Heut lost in the Curhonisation of Wood. 

In making charcoal, a considerable quantity of heat is dissi¬ 
pated and lost in the air; whence it is evident, that the same 
amount of beat cannot j^e obtattred fa |fc burning a given 
quantity of charcoal as would be furnisb^by the combustion 
of the wood of which it formed. > * * 

Wq can now determine, with grs^t precitiw, tbr loss of 
heat which is inevitable in making charcoal, even when 
possible precautions hkve been taken s a% well as that •which 
bappena every da} in the process employed by the ebartx^ 
maker. 


I 



116 STRUCTURE W WOOO, 

' ' #■ • ; ' ■ = 

Combnstton As the combustion of lib. of;,cbar<H)al, perfectly 4*^ yieldi 
of ^lureoal heat sufficient to boil 56*6c^|1b^ of 'the thaw^ tenae- 

perature] and as lib. of "wop^ tboroifgbly dryj iui;nisbes 
43'33Vb. of dry charcoal»it follows, tbat tlte charcoal produced 
from lib. of dry wood, should furnish in its combustion beat 
sufficient to boil 24'958ib. of water, at the thawing terri^fa- 
lure. 

But we have already seen, that.the cohfbustion of lib- of 
wood, thoroughly dry, should furnish sufficient beat, to boil 
43'l43fb.^of water at the freezing temperaturej or, which is 
the same thing, to raise it to 180® of Fahrenheit's tbcmo- 
trueter. - ■ - 

These two numbers (43*143 and 24*954) which express 
the quantities igf heat in question, being 'ys the proportion 
of 4QQ ilp S?‘84g', it is evieVur, (bat the loss of heat mevHable 
in thd. tsarbonisalion of woodi is upwards of 42 perwcaat^y^car 
^exactly 42* V 6 l per cent, of the total quantity that the wood 
willfiimisb» 

order to determine the loss of heat which occurs in the 
forests, by the ordinary process of the charcoal-burner, it is 
requisite to ascertain the precise product of charcoal from a 
given quantity of wood, titough it ia probable that this product 
is very variable. Proust estimates it at 30 per cent, in weight 
at the highest. < * 

■ A^pting, for a moment, this estimate, and supposing the 
carbonised, wood in the same state of dryness as what is usually 
sold for fire-wood y as lOOlb. of such wood contains*, only 
. 0761 b, of perfeedy dry wood, this quantity would furnish 
,in its ^combustion only the degree of beat neqpsi^ary to. raise 
of water to l SO® F# , 

But the 0’20ro. of charcoal jtroduced by tjite ,carbonisation 
of 1 lb;'O^his i^ood, according to the usual process, can, only 
fornisb bT^conibo^lt a sumcient quantity of heat raise 
11‘32'iib. of water 'to F. i and as the numbers'32 043 
■and U‘521'4fh,h^vV’»n theproport^i cf .100to30, It should 
Iteemi that URs'te of b^t in qupstfen h about.#4 per cent. , 

, prse pty impomnt l^ct, W^hidh apg^ats io fiqwell asceN 
by the: resuVs pf^this •ch^lU fhbdharcoal 

^ ^bpnlsla:tKm of 3$b'.. 1 ^^ weed* 
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tcarcejijr gives mofie beatf in its cootbui(ton than «roald be iiiN 
Dished by lib. of this sUffie sort of wood bnfned« and in its na^* 
tural state. 



*• ^ 

A Mode of producing intense Cold. By M. H. B. 


To Mr ^ichohon. 

STR, 

I HOPE vou will give early insertion to the following pro¬ 
posal forpiodticing intense cold. The proposal itself is dll 
that I can communicate at present j peihaps 1 may be able, in 
a ‘.holt time.to send you an account of some experiments on 
this subject 

The diminution of tempeiature observed during the exhaus- Dianuiitiou 
tiou of ihe receiwr of an air-pump, appeals to suggest a prin^ 

Ciple on which the degree of aitihcial cold may be very much iiAnstioti pr<^ 

incteased. The degree of cold produced in this way appears to Ijfjrtioneri lo^ 

be proportionate to the dcgiee and raiddity of the rarefaction 

of the air contained in the receiver } to increase the qunnhiy dnetd. 

eff raiilaction, tbeiefore, would be to increase the intensity of 

the cold. The quantity of rarefaction will be measured by tli^ 

diflfference between the density of the air employed, before and 

after the experiment; the denser the bir is befoie, and the* 

rarer after the experiment, and the gieater the lapidity #ith 

which this change U effected, \lie mote intense^ will be the cold 

inducllgd. 

To generate artificial eoM, it is propose<Cthat a cylinder be it is proposed 
filled with air, which is, by means an accurate piston, to 
Objected to very strong prtsssure. Tiie cylinder and contained i^riwr,^a»d 
air are to be cooled as much as posslb% by the best (Kjocific dx n i^oddeui) 
mixtorey aud in tbip state the air is to be allowed so csca ^arify ,t 
tliroaghwi uiiJSe.. Into a exhausted ^hc^iver. An, sub- 

Stance contained In tfab eylinder, or i^xpcM to ^ sticam qf 
UKj^ding air in die receiverA'viidl iiave its temperature very 
tfeduced. And as the air comprised to jn inde¬ 

finite 
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finite degree# it would appear iLat Aer© would be Ao fhxtit to 
the degree of cold wbtcb might be produced i» tbi» pOaiUier* 

lam# Sir# 

Your obedient Servaut# 

M. 5. 


B^nliarght Moy 17* 3813* 

I .^. n iltai^ ■■ ■■■■ 



» VI. 

if 

Jn explanattny Statement of the Notions or Principles vpon 
which the iys*ematu Arrangement ts fmvded, which was 
adopted as the Basu o/* an Essay on Chemical Nomenclature. 
By Pr^essor J. fiBRZELius. 

(Continuedfrom. p. 47 <if the present Volume ) 


Rcmai kablc 
fill tk of coin 
busHoii anil 
theory. 


* 


y 


I N Older to deteiraine whethci this phenomenon of com- 
busition actually consisth in an absorpiion of oxigen or not# 
X prepared quantities of the sUbititos of cobalt and of copper, 
as well as the stibiates of these same metals. By exposing 
them to a cheiry red heat, I deprived them of their water of 
crystallization# and when, by a new exposition to this 
jiflfoiji temperature, they did not lose m their weight# I 
considered them as entirely deprived of the water of corp* 
binalion I then weighed them very carefully, and heated 
^bein in a small platina ciucible (exactly weighed) to incap* 
descencc. They took fire \Vith gieat bnlliancy, and the same 
thing took place ip the open crucible, as when it was provided 
with a cpver, ifrhich shot ver/ closely, and consequently ex¬ 
cluded ih4 air, Wtjen the ignitioj took place is the small 
crucihlc,^ which wai closed, it became ail at once incandebcent, 
and ill the loVhr part# which was contact w ith the ignited 
pvifc) i; that the inter^r of t|ie ciucible became visible whett 
jhia phenomenon took place. On making this experimenc iu 
'an ope«n^ crucible, the mpraqut of iguitiou# therearqka 
which, i|> a cn^lble with a «oj%r, waif Mudenfi^ 
on eu^proved to he the stifdqos ac^d' J «eai 

leason tQ tunixwe# that c^es its ori^ to^mb 


small 
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$ 110^)1 fdhcMirt por%af^47f,4b« puper of jihe ^Itre^ whieb^ Theoi«t{««i 
uotw»th«tiM!^||(ig, Ali my’ cam m prevent it, wiere mixed with 
tbe'po«^er 4 The saline roas^ on exposure to ignition^ instead 
of incieftROgJio,weight* Itpt itom one^fouatb to two-thirda in 
the buiulmd* which must be attriboted to the vcdaUtbatioa of 
the stfbtoua acid. 1 repeated each of these experiments apv^ral 
times, and the qoaiitity of aublimate varied constantly hOtween 
these ttmns. s;^he stibiate of copper produced np visible 
smoke, ihd Imt scarcely any thing by the ignition. It some* 
times happened, that the igoition was only partial, and then 
the colour was only altered in those parts *whiGh had under¬ 
gone ignition : but even those paits where the colour was 
changed, appeared equally to resist the action of acids. 

Tbese experiments prove, then, (hat the ignition in question 
canUOt be produced by a combination with the oxigen, or with 
any other body, which did not exist in the previous combina¬ 
tion. But what, then, is the cause of it ? We pre not as yet 
acquainted with any example where the same bpdies may be 
combined in the same proportions in their different degrees of 
actual saturation : that is to say, where there are tetween 
these two bodies two degrees of what may be called inthnaeif 
^ comlinaiion. Such an hypothesis would explain the pheno¬ 
menon of ignition, as well as the new forces of affinity m^ht 
be supposed to have been acquired by that means. " 

In this case it is necessary to imagine, that a fresh portion 
of negative electricity of one of the constituents, is combined 
with a correspondeot portion of positive electricity of the other, 
and produces, by this electric discharge, the phenomenon df 
fire, while the combination, at the same time, arrives at a mul^ 
higher degree of eleotro-chemic indifference than befbfe. It'b 
generally known and admittedj»tliat bodies can omabine indidb- 
rentdqgrbesof intimac^of combination, a^d in diffe^^ propor¬ 
tions : such as iron, whieh is combined ho^b more ihdttietely 
with the quimtUy of oxigen, which renders it oxidqi|i ferrosum, 
than with that which cCliveru the /erreooa the ferric 
oxide^ Odd we seethe same dif^renoeof intimacy of^eombi- 
nation with diffisrem;' quantities of oiriiteo in a mpnober 
other.ji hot there ts always domiilShrationst^j^be 
ffifiMitfr proportimh of pattt. KeverlbeWi Ihe hxperime^ 
cited, app^'to ^raSlCBlaj iirp 'same diffis'enee < 

' df 




HxrrAtuc 


ISO 


ThwiretJCftl 

cort«iidii4t- 

tioiis. 


df ulmit itq iSbi6 

j^roport»/us of tbi’ sanit* ‘Mib»t«ices, thaj^tttsJor wnam citwia- 

staDces, exi^t hetween tW same pt<opoitioAs. 

Iho fihenomena here related wftcMal'for |^tbo«7 of 
hie and of tbehnn^l combinatton, some very imporUKti «&»Q)ts> 
wb>o|Ke4n»dt,|8srhflpa, be yet fore<>eei}> sad e|»proaqbea wktf 
t' e celebrated 0avy discoseied tti the decotttpceitiob of wiper- 
OMdqm cnunarKmm^ (hnrblunne D ) /it ^ 

p ' bable explanation appc^ars to be, that the atibic and stibloui 
aeid» cab foitti/coiubiuations with several aalmebeaes mtero 
dtHereot degrees of nitunacy , and both m the saene pvopor^* 
tions betweehhtbe acid and the base. The salts po&se'taitig sli the 
eharactetistiea of c mbitiations^ no chemist can c>n«ider them 
as mechanical mixtures. But when they become heated^ they 


* Sir H t>avYltasfoniul, that tlie sii|feio\idtttn mimatif am, ib ilecom- 
postd af A tinifu 1.1(110 iiitv»(«n -!> anl 10 , wffii Iht phtiiottici i cf 
ia r, And prud < r. oxi^i n «(ab tno«as ■'upcioxutom nniridto<(tiin. 'tht.rc 
ts,tUou,ib tills Ills* UK t, a cht k d t p ii itfon, accompami d by tin? Swrte 
plifuoimIt 1 w> I h take p ict iiiall p( t. ol ii titnatt. conibinatior. 'Ihne 
t'.j viithoiil doubt, a ,^tc 0 anont tl;} which, iii the b^poti < -.is ot chimiaC) 
villi It xDniu an It, on t u c( r tia y, tlx siipt io\idiimcontann,, 

Accerdirijt to tQf lawsul ihUriiiurtt torabiiiations,t\viccdstmuhoxi- 
gCtt AsiMuiiatic acid, It m i} b( supposed, that this secuttd puiUoU of 
exi/remsthcieincombiutd with an (\tt«m«ly weak nftihity, which, 

U) then teeibiiiatioh, was not <apkbK ot piodiicui' the phenontenoA of 
fire, life snpuoMdimi niuiiitosuni ((symuuatic ,.u8) is a combi- . 
nation ot mui,attc and with kilt as niticli whtcli the acid 

docs not contain it'icif, iutdtl i uxi^ni ii touud combined in a raiith^ 
moi< mtiuiate d< giic , so iniuh so, that it i aniiol be expiHN wttfaoiii 
afOi^tlUxatBiuty it a Umpcir^nie lathei ptevatrd, the i(a<i supir- 
AXidmu rawfoitcum produces the bupciox muiiatuaim, by cohi- 
biAlAft h&U ot^iu exceas ot oxven with the mi« latie acidi in a 
mpihmtimate mauuti, and protluom,?, t n Uua leaMui, the tdif^omps. 
lion of tire. The otitci bi|* ot tip ou§j|;.ii, yu tiling to a strougti 
afBmt), » dtscniagf d, and tl.c ^a& is < xp iiub d i he only diffi* alty 
111 tlh explanation u to tonsidn Uu siipnoMdnm murialic ni aa 
coeipdabd ^ miifiatie aokiaml oxi|,iii,^and net as compoiled at siw 
prrohvhlbuatoAiite end oxigen, which la our a«nal maimat ofeoest^ 
«lami]Sr the* difiere&t degitcb of osidahoa, and which appewA Vo bo 
coineeuo aiwmbci ot Itrcwn&tanccs, Init which, ncreithctosa, 19 oog 
amaoner of cfowbinatioti requisite in an casfa. m bhott, I merely 
^outc this exptaiKttioit aii p ptob^bihfy, au^ aalhc only one 1 have a% 
jfOtbeLiiabk torontmiplate. * ^ 


pioduoe 
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prodlu«d a phewonaairop which mdicates^^that a fresh conabtoa.^ Tlieoretkal 
tion ha^i taken i^me, Calerio i» dhfenga||edi aiulaa ^he tempe* ^lons? *^*** 
ratiare is aheady very btgb> this disengagement of the caloric 
is sa6Eictenf fn piadnoe turesnse ignition Oo this occasam the 
mass aeitbef gatiits not loses in weight, hot its cc^omr and cha- 
racfeirs aei^ i^Uared, and theconstiti^ntsare fonad (Obareeno 
teiod ti^ another stitte of combmaiion which may be callhd 
more Mt^nate, beijlfaati they cannot be destroyed by the 
n I ties 43# hodies adiich had the pioperty of decoinfKKHiig tt»e«a 
suhstancto hefhre ibis change had tiken plade We know 
that a vru y elbvated t-mperatirre produces,* m several cona- 
ponnd bcKUes, a degiee ot chemical mdiiSbrence, fof eaaMpl«« 
the stilpbate of alnmine, the ferreous sulphate, the mmiate of 
nickel. See. on being; heated ro a cert iin degree, appear to be* 
come iQSOlnble in witer, and it icquircs. the action of water to 
be contitioed a length of time, in prdcr to restoie their jgotobl- 
hty. Alamine, zircon, the OKiJes of titanium ^nd et ,at|talite^ 

&.C. lose their solabihty in a(.u!<<, when heated to a led beats 
several combinations of tlierarihs and nictalltc oxides, whtefe 
are found irt the interior of the earth, aie not to be decomposed 
b> the strongest acids, notwithbianding tliu affinity of these 
acidato the earths, under common curntn^lances, is infinttdiy 
stion^r that! that of thecnthiito eirh other. In all these 
cases It is necessary, in oidei to bung (1 em tothe ordiMfty 
state of combination, to expose these sUDst uites to the aotlcit 
of a strong chemical agent, and fieqoently at an eixtrcmely 
high tempfratnre , for example, to bum them With alUahCs, 
or alkahne earths, or with phosphoric acid, &c I presappose^ 
in this instance, the eIectro>chcmic indifference is destfoyd# 
in the same manner as the oxide of melcury is decomposed bf 
heat, and that the constituents reappear separated, and endowed 
with tfielf Original electio-chemic quantities. It may, then, 
be very probable, that alT these pheoouiei&a arise ftdnt one 
same cause, and that they are not eff!ecti\e hut at a^degree of 
combihatton mure mumate t^ati that which belongs nsnally id 
bodl^ produced by chentlttal operations in aqu^itt solulffcna, 
or at least Where watei Is pte6eht. 
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The Oxi4ei ^ Tin. 

O\id«of tin. W6 now come to a cnetaf which has long been Icnown* and, 
for that reason, has not l^en examined with the sapa^ care as 
those lo wjhich we owe onr knowledge in the dnrcoferies of 
the present day. Notwithstanding 1 have taken much trouble 
in ordei to determine the degiees of the 0t^||^ioas of tin, as 
well with regal d to their nomhei as to thetr'properties, 1 cannot 
venture to hope 1 h4\e exhausted this sui:gect, but that much 
StiiJ lemaios to bb explained by future expeiimenta.^ 

We hnd, amongst the oxides of tin, the same general cl}a> 
racters as belong to antimony, but with difiereticeu, which begin 
a trau«iuon of metals, from electro-negattve to ekctro^posi* 
five. 

In order to ascertain whether tin possesses a saboxfde or not, 1 
endeavoured to examine the black him which is formed on the 
aurtace of melted tin. To procure this black substance, I exposed 
some extremely thin leaves of tm to a very high temperatore, 
takmgcarenot to melt them Ibey became blackened,and, when 
it appealed to me, that the leaves were entirely covered, t took 
them tiom the fire. On examining them, 1 found the oxided 
film so extremely fine, (hat it could not be separated from the 
metallic tin, 1 then exposed ihe leaVes again to a continued 
b^, but It appeared that the film had prevented the air from 
coming inio contact with the {neiadic parts. When the leaves 
Wf^ heated to neaily a red heat, they burnt biightly, and teft 
a whitish powder. Not being able to separate the black oxide 
produced in this mauner, I endeavoured to procure oxide 
of tin, oxidum stannossum, which the elemeol^vy bfioka 
describe as w^ite, in order tp compare it with Uack and 
combustible oxide, and to disicover, by that mt^ns, iOi^ Latter 
was actoaliy in a degree of oxidatiofi inferior to the stanneoqi 
oxide, oxii^tm staanossum, I then dissolved pure tin in con- 
e«i|trated muriatic acid 4 tbesolnti^ was precipitated by the 
earboffiate of potash, and 1 washed the precipitate on a |iUre 
“With hotlmg walev. It was perfectly white, andpreserved ^ 
eblbiihafeeir betagdiied. Sotnechemists assi^rt, that the^daustfc 
sllurfe preeipHaies dmj>stoim«ons mpfbde gvey. pofenrl 
1 have not feund ciwlstwta|ki|ii veadily ptoduces a 

wliit 
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-«rkitftpi'«cipUatet as well as the carbonate $ Ibiut thla precipitate Oaddcs of tie. 
is easily diiHoived in a Iwrge portion &f caustic alkali j and it 
does ncK become the least grey^ even (be momefnt before its 
dissolution. ^ 

The white stanneous oxide, precipitated by the carbonate of 
kail, diMot^ed ea!>i}y, and wtthont disengaging carbonic acid 
in the iffkts, and even in the nitric. It is, therefOie, nOt a 
carbonate. Wbcil^hosted in a small retort, wtiiob wa*! half 
full, it yidded pure water, and left a greyish powdef, which 
was black at the bottom. I filled the retort a second time 
entirely with the white oxide, and heated it an* w. I obtained 
water, but the oxide which remained was quite black. On 
being taken out of tlm retort, and .triturated into a fine powdetv 
it had a colour Oomi^osed of green, brown, and grey. Heated 
at thepoin|;,of the fiame of a candle, the oxide took fire, and 
continued to boro like amadon, or tinder fungus, leaving a 
white greyish powder. It follows from this, that the stanneotts 
oxide is black, and that the white powder precipitated by the 
alkali was only a hydrate of the oxide This hydrate it 
exactly the same as the oxide itself, very combustible, and, 
wheo lighted at the point of flame, it continues to born of 
itself, though with less brightness than the pure oxide, if the 
hydrate be carefully washed and miked with wafdr, and the water 
healed to ebullition, the hydrate is decomposed, and the 
stanneous oxide remains by itself. The phial in which I fiiade 
this experiment was, by accident, laid aside in a phice where it 
remained four months ; and the black oxide was, at the expi¬ 
ration of'this time, very little altered ; for it had only a slight 
layer of the white oxide on the surface. 

These experiments prove, that there is nothing in the cfaa* 
factors of the stanneous oxide,* which justifies |fae conclusion, 
that the'blacfc film produced on melted tin, is a scri>>oi)de,'an4, 
consequently, the existenBe of this sub-oxide, is yet very pro- 
bicmafical. 

' fn ordef^ determine th% composilion with regard to quan¬ 
tity o£ the stanneeui oxide, it ikh betog possible to beifi^ in 
a aipyot oiMuer, I employed the following ntotbod t ^ • 
i noelted together, itk a glass retort, pure nn and mlphoi^ asul 
obtained dgmyUh mass, ^blob Wgi pdroiti, god had a metalUct 
lustte i I reddeed topcnirdli^, and o^xed it with half of 

• its * 
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Chddet its weight ol* (>afe sei^hur puiverize(3> 1 exposed this to s 
ettddenij elevsted temperature,* in a gjass retort, in order to 
oieit it, and 1 kippt it in a s^ete of fu»iOo, ifntii the sulptiur vtits 
volatilised. 'Hie upper part of the retoit contained a sth^I 
quantify of mosaic gold. Tiic sulphurdt of tin had a m^tiditc 
lustre, the colour of lead, and the broken part vpas cr^ntal- 
Itne, and very brllliabtl When dissoht^ in cundl^UMU'd 
iViuriatic acid, it gave out sulphurated hyii||^en gas, whiob, 
being paised thiough a Icy of caUbiic kali, was OfstiieJy ab¬ 
sorbed by it. Hence jt follows, that the sulphur of d'C sul- 
phuret of tin, is, to the oxigen of the stdUneous oxide, as the 
sulphur in sulphurated hydrogen gas, is to the oxygen in the 
Water. Another pait of the sutpliuiet of tin was treated in 
a glass phial, with fuming nitric acid, until it was entirely 
decomposed j the contents of the* phial was then carefully 
poured into a crucible of platina, dtied, and at last heated to 
a red heat, until all the auU was expelled. 100 pat tS of the 
sulphuret, produced m this manner, gg’5 patts of the white 
mtidc of tin. From this, it follows, that the oxigen in the 
white oxide, i!> neatly equal in quantity to the sulphur of the 
j, sulphuret, cdaitqueutly, the white oxide produced by the nitric 
acid, contains twice a$ much oxigen as the stibious oxide. Ac¬ 
cording to the experiments 1 have already published, the white 
oxidq of tin is composed of 100 parts of metal, and 37’2 p. 
of Oxigen; the stanneous oxide is therefore composet^'of: 

Tin.88-028. 100 O 

Oxigen.li •p72... 13‘J5 

Winta Oxide of Tin. * 

It is generally admitted, or at least, as far as 1 know, uevett 
dISsputed, that «tbe oxide of tlh, which is found in the volatile 
combinaiion, known by the uame ^f spifit of l^ifavius, is the 
samp as that which is formed when the tin Is burned in ^he air,, 
or oxided by nitric acid. We hn^ it, ucvertbeleaa* tomeUin^ 
observed by chemists, that the latter is insoluble In ll^apllds, 
Whefi, oh the contrary, the first ought to be soluble in iheto, 
*as it ejfists in the t^^uor of libavlus. The cause to which that 
is attributed, has generally been, that the oxiSe produqad by the 
combustion, or by the nitrtO act^, was tfi that iig the sphut of 
. iibdVias, as tho %nited xifcone to‘that c&ntamcd in (hO salts. 

The 
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The following oxjjerinaents put it beyond doubtt that theae (Jwo Oj^cb of tim 
onidcs have not the aame ^^gree of oxidation. 

A solution of the Spirit; of libaviusin water, was precipilated 
by t}}c carbonate of potash, and precipitate wasl^ed with 
cold water. 0 n pouring eold wntei a second time upon it» 
it melted hke butter on the fibre, and a liquor which bad a 
milky appearance, passed tluongh tl'e pap<^, and was precti- 
pitatod afiesh it'tell into the alkaline liquor^ which wag 
already filtrated.^ After the space of 24 hours, it becatue 
clear, and wati of a pale ydlow colour; it had an alk^ine taste, 
notwith*»tondu)g, it wai precipitated afiesh by the addition of 
alkah. The nitric octd, as well a? the njuriatic acid, produced 
a precipitate, which, nevertheless, was dbsohed by an additloti 
of acid in excess, •The solution npade by the muriatic acid, ’ 

Was nut altered by ebullition, but that which was made in the 
nitric acid, formed a jelly a little time before it arrived at the 
temperature of 100 °. i 

Another portion of this oxide on which cold water had been 
pouted but once, was dried by being pressed between thick foldg 
of blotting paper, and the drying was at last accomp’ished, by 
exposing it, in a temperate place, to a current ot air. The oxide 
then took the form of little colourless pieces, some transparent, 
and resembling pulverised glass. It comported itself with the 
acids in tlie following manner : 

In sulphuric acid, diluted with an equal quantity of Water# 
a great part dissolved, but when a large quantity of acid Wag 
used, it Was totally dissolved, When the oxide before being 
perfectly dry was treated with the sulphuric acid, much diluted 
with water, it losjt jts transp.irem'y, and tell in a powder, and 
produced a sqluble supcr-bulphate, and an inscdublesub-sol- 
phate. , , ^ " 

Citric Jteid has the property of dissolving this oxide until 
its acid titste is replaced by «n astringent one. The saturated 
nitric aoliftion becomes gtadually turbid, and, on being exposed 
to-'^ elevah^l tempefatpi'Ci k coagulates, loses its astringent 
and f>ecames acid again. I ^have not been able taper-* 
ccive, that, ou this occasion# any of the nitiic oxide gifts (ni¬ 
trous gas) isdi^i 0 figii^ed, piobabiy because tile acid is only h*- 
dueed to nitrobsacid. 

Muriatic Acid sofCrns it utt^ and at la'd; dissolves it; and 

the 
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Oiides of tin, the floltiHdn vi not altered neither by boilmR, Bor by tbe addf^ 
tion of a great qaantity of concentrated mnriatic acid, nor by 
that of water. 

When Z precipitated a solution of the spirit of Itbavios by 
the caustic anioioniat the precediiRg plfenomeoa took place 
again-^that is to say, when I ponted water for a second time 
on the precipitate, it was softened, and began to pass tbroogh 
the paper filter with tiie water. Tbe lactegspot liquar which 
passed tbrongh the paper, w^ again precipitated by the addition 
of more ammonia. On being evaporated, it yielded a yellow¬ 
ish jelly, which dissolved in cold as well as bmling water> and 
wss also soluble in tbe acids. The oxide containiog tbe alkali, 
when dried at a moderate temperature, is colonrless, transpa¬ 
rent, and soluble in the acids. Dried at e naore elevated tem¬ 
perature it lost its solubility in acids j probid>ly in consequence 
of an ulterior oxidation. The same thing toede place when 
it was heated toa led heat: it then became, in proportion as the 
beat increased, yellow and orange, and lastly a very deep red, 
like cinnabar} but as it cooled, these colours disappeared in 
an inverse ordei, and the oxide only preserved the pale yellow 
of the citron. The properties which form the distinguishing 
characters of this degree of oxidation are, to afford a very 
volatile salt with mnriatic acid ; and this sail is not decomposed 
eitljer in boiling water, nor by tbe addition of concentrated fno- 
riatTc.acici, nor by the salts of jgold or copper* 

Yellow Oxide qf Tin. 

Tbe oxide which is obtained by the actii^of nitric acid open 
tin, is white, and preserves, as I bave'rcmarked in anotlier 
pdace, aUhoog|h it may have b^n washed in the most careful 
manner, tbe property of giving a red colour to tuinsole. Da¬ 
ring the drying,"^!! became nearly tmn^arent, yellow, and.hard; 
on exposure to fire, it lost the water, and, at an elevated tern- 
j^rature, assumed a deep brown oolour, '^hich, after refrigera* 
tioa;»remained only a yellow : and on bmng polveriaed, oliudal 
entirely disappeared. « 

Apordotiof li^ oxide of tin, obtained ^by the nitric acid, 
carefully wasM, but not dried^ Mras digested with concentrated 
muriatic acid in a bottle weU aw|);ped* The acid assumed a 

yeUowisb 
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colour, btrt the oxi^ retnaioed perfectly At the Oxidn^s of tin* 

expiration of twej'sso’.hour^^ I ^ppenecl'%e*,bottIe oxy- 

mariatic gas escaped" u^ith a slight explt^idn. I then Ac^nt^ 
the acid, ahd podraC'a small qaatitlty of water upotY''the'aytl^.. 

After the oxid&'ttijl^agiin ^iposated,'f ponr^ the:', 
and added a fresh quantity to the oxide which w^ ii^tah^jr 
diss^«^hy th^" * .^ •' ■ 

The stduhho^J^hd very astringent^ was Colourfcm, hot not 
perfecdf 4Cdear< ^Trorjoad a ptwrtionof the solution, i^aic^ 
this mauihs^ with 41 portion of concentratedrinofiatfc aci^,; 
which caused ah abun^nt precipitation. On’^the liqaor being 
poured oftv^’ tfae -precipitate was again diasohed in water* 

Another part the same solution was heated in an earthef%,<-. 
vessel over a lamp of spirit of wine. It coagulated firSt at ftie 
bottom and then thi^ghout the whole mass; and In this state . 
it had m much tbe^ appearance of albumen, that, t .should* 
without h^ltation, have taken it for that substance, if I had 
not known what it was. This mass bad now lost its astringei^ 
tastej and become acid; and the precipitate was not re-dissolved 
daring the cooling. At this' tepiperafure the .water had, there¬ 
fore, precipitated the oxide by separating it from the acid. The 
precipitate washed and heated afresh Wfth^ the concentrated 
muriatic acid, ru-produced the same phenomena which 1 
desbribed. -v. 

These experiments prove, then., that the oxide produ^;^ . 
the nitric acid can be combined with the muriatic acid. , ;X^s 
combination is soluble in water, but it may be separated frmn- . 
the water hy.an-ex/pess of muriatic acid, and is decomposed by 
the action of ' an olevated temperature- These jtfoi' 

perties, thireforO e^nguish this oxide in a decided mamiei^ 
as very difibreht from that foun^in the spirit cl'iybavius. ' 

The resemblance of the^ two oxides as io !^ir external ffp^ 
pertieSf .tbefscilky With wbhih one appears to Ite converted^ihth 
the Qther^ without, it being possible io discover them by > any 
visible change, and ^tbeir habitudes with the alkairs being 
exactly the same, makes this disquisition ntk very ea^, anfi may 
give cause to .iloubt the accuracy of what I luveeondbdedfrom 
the^I exj^lments bfre mentioned. NOvermeleihrl^ in Order to 
put the subje^ beyC^d4lkpbie/I mijted some spMt of libavios 
with nitTK: add, end it waxtothely 

. . : dry, * 
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Chudos of dry> atid the oicidc by the nitric acid remained. I then disserved 
pure (in in a mixtare of the nitric and muriatic acids, bat with 
a greater f>roportlonof the fut mer, . ft produced dm ing the time 
it w^s di8<faived, a white insoluble tnssfj which, after being 
jSliered on a paper, was dlsjolvcdfby pureVater, and was the 
[□una<e of the oxide at a maximumit 
I'be solution of tin UistiHed in a retort* at first |)roduced water 
mixed'with a little nitric acid, afterwards tJba spirit of libavius 
which became moie'aud more concentrated, and at Uiesame 
time dtwpi^igaged a small quantity of o|^'inuriatic gas. It 
ycraained at last hi the letort in a white powder, winch at a icd 
heat did not appear to alter. A small quantitv of this|iOkVdef 
being taken out of the ictort and mixed with water, was entirdy 
dissolved by it. I'hc solution was coaguititod by eOuHitton, and 
precipitated by an addition of muriatic acid, consequently it 
was the muriate of (he oxide at a maximum, which remained 


in a fixed sthle, at a temperature greatly surpassing that required 
to volatilize the liquor of libavius. The portion of muriate 
which remained in the retort exposed to ignition, slowly pro¬ 
duced the spirit of JibaviQS, and disengaged at the same time 
oxymm i >tic gas , but even after I had expmed in a platina 
crucible to the higliest possible temperature, muriatic acid 
femained, which I separated by means of the alkali, 

'j^is experiment proves, that when tin is nitio- 

mnnaiic acid, it forms itself into two of 

which one is deposited in the solution wh^mPP^gins to con¬ 
tain a considerable quantity ; and vthrn the liquor is diatUled 
the spirit of libavius is obtuined in the receiver, while 'the 
muriate of the o\i)ie at a maximum rcauina in the retort. 
This latter is, with some dtiBcuky, dccoii^iiQsed by beat, aud 
produces oxyi^t^iatic gas and ^*he spirit of llbavios. 

It would be, undoubtedly, a very intci eating thing to decide 
what difR^reni iuilneuces these iwo oxides of tin have on 


colours, fyr which the nitromuriatic solution of tin is often 


employed asni mordant. 

Ai it is proved (>y <tiieEe experiments tliat the oxide in the 
•piittof hbavim not the .same os that ftanpeted by the mtric^ 
acid, sad as this ratbn' ought to ooataiit Uj^orc oxigeo than ihe 
fortner, it is evr«lent|.thtrt"U abitKidd eotflam an interme^ate 
quantity between the staoneous oadde and iho oxide produced 

by 
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by the nitric acid. This intermediate degree can be other than 0»de9 of tin. 
the multiplication by and by the numerous examples we 
already know of this series, it appears that we do not require 
any special analysis, which at least would be very dtfiiciiU to 
edect, in order to deterntiue the composition of the intlenne- 

• « . * « ^ m m ^ 


diate oxide, as follows : 




Tin. 

Oxigen, 

..8313... 
... 1G87... 


...1000 
... 30 4 ■ 


The distinctive characters of the oxide at a maximum are 
the following : D%ested with a lixiviutn of carbonate of al¬ 
kali, it does not dissolvej but part of the*;ilkali is combined 
with the oxide j but when the excess of alkali is taken from 
it along with the lixivium, the combination of the oxide with 
the alkali is solutHe in pure vt'ater, and forms a milky fluid, 
which, after the deposition of the part not dissolved, is yellow. 
When this liquor is evaporated, it leaves a yellow jelly, which, ^ 
in its dry state, is full of cracks, and has some resemblance to 
amber. It is soluble again in cold water. The liquor here 
mentioned is precipitated by both alkalis and acids. The sul- • 
phuric, nitric, acetic, and oxalic acids in excess do not reduce 
the precipitated oxide. If this oxide be mixed with concen’ 
trated sulphuric acid, it gains in volume, becomes yellow, but 
does not dissolve. The yellow powder seems to be a combi¬ 
nation with the acid; it is easily decomposed by me^ns of 
water, which takes up the acid, and leaves the oxide Its White 
colour. This oxide will combine with muriatic acid, and an 
excess of acid renders it insoluble in water. The neutral combi¬ 
nation is easily dissolved by it, but is precipitated by an addition 
of muriatic acid,..«ad is decomposed at a point of temperature 
which ia not as mgh as boiling water. The oxide is deposited 
by coagulating, and the fluid becomes a mass exactly resembling 
coagulated albumen. The oxide at a maximum, combines with 
water, and it is then whke, but on being exposed to heat, it 
gave back the water, and became yellow. It produced no alter¬ 
ation in it when exposed tfe the highest temperature possible, 
in a covered crucible of Platina. Urged Inr the flame before a 
blow pipe, it became white at the part where the point of the 
flame touched it.^ Is this a reduction oY the iotermediate 
oxide i and is the white enamel, which Is obtained by meltin|^ 
VoL.XXXV.—No: 162. K lb© 
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Oxides of tin. the oxide at a rnaximum with plambiferous glass, a eombina- 
tioH of the intermediate oxide with the glass ? 

1 ought, lastly, to remark, that the oxide at a maximum, is 
frequently obtained perfectly white. For example, if the filings 
of tin, and the red oxide of mercury, are mixed together, and 
exjSosed to fire, or if the purple powder of cassius be ignited, 
and the gold afterwards dissolved by the nitro-muriatic acid. 
This white oxide does not change its colour when ignited in 
the fire, and it is insoluble in muriatic acid, which receives 
from it a yellowish tinge. I imagined at that this oxide 
was in a still higlfbr degree of oxidation, but I have not been 
able to discover whether the tin gains more weight when oxided 
by the oxide of mercury, which gives this white oxide, than 
wlien it is oxided by nitric acid. The only iJifTerence between 
the yellow and the white oxide, when both are at a red heat in 
the fire, appears then to consist in a different aggregation, 
exactly as S^str'dm has proved, that the black precipitate, 
which is obtained from corrosive sublimate, by means of sul- 
phureted hydrogen gas, contains the same constituent parts in 
exactly the same proportion as cinnabar, and, consequently, 
the colour is to be attributed to the difference of aggregation. 

Comtinalions of the Oxides of Tin with the saline loses, 

1 have already mentioned, that the hydrate of the yellow 
oxide colours the paper of lournesol red, but that the oxide 
that has been through the fire, loses this quality. 1 have reason 
to suppose, that it is the same with intermediate oxide. If we 
add to this, the property possessed by these oxides of produc¬ 
ing with the alkalies, combinations which are soluble in water, 
w'e shall have plausible reasons to consider all these fixides as 
acids, exactly as we have alread^' done, with the oxides of anti¬ 
mony. But, as on the other hand, these oxides produce, with 
the acids, salts which are quite neutral, and are the weakest 
amongst the electro-negative bodies, it is difficult to decide 
what name should be given them tn preference. In the man¬ 
ner in which these oxides comport themselves with the alkalies, 
and ^Mne bases, j^iey so much resemble each other, that 1 
have not been able, in my experiments, to"discover any diffe¬ 
rence, except that the combinations of the intermediate oxide 

with 
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with alkalis, earths, an4 metallic oxides^ are soluble in acids. Oxides of tin/ 
whilst the combinations of the oxide at a maximum, always 
leave the hydrate of the oxide uudissolved. 

The hydrate of the oxide at a maximum, is easily dissolved 
in caustic alkali. The solution produces crystals by evaporation, 
which are white, ai^ in the form of grains, and have a 
caustic and alkaline taste, but as it was not possible to purify 
them from the very concentrated lixivium in which they were 
deposited, I have not been able to analyse them. If, on the 
contrary, the alkalf be diluted with water, asid as much oxide 
of tin added to it as the alkali will dissolve, a fluid is obtained 
which is of a dusky yellow colour, anil when looked at through 
the light, becomes^ opal and whitish. This liquor docs not 
afford crystals, but on evaporation forms a jelly which dries 
slowly, and then becomes a yellowish mass, which^ is soluble 
again in water. At a red heat this combination is decomposed, 
the oxide becomes insoluble, and the alkali remains and may be 
separated from it by water. If, on the contrary, this mass is 
burned with an excess of alkali, it becomes white, and the 
oxide is rendered soluble in acids. This experiment proves, 
that the affinity of the oxide of tin is so weak, that heat de¬ 
prives it of the power of remaining in combination, and re¬ 
duces it to a state of insolubility, notwithstanding the affinity 
of the bodies with which it is actually combined. The effect 
of an excess of alkali in the fire seems, in part, to be analo¬ 
gous to what we see in silex, alumine, &c. and in part depends 
on the circumstance, that the oxide is reduced to an inter- 
mediate degree of oxidation. 

(T 0 he continued.J 
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observations in carli line of flip tabic apply lo a period of twenty-fonr hours, 
b^iiininjr at 9 A. M. on Hie liay iixliraied hi tlio first column. A dash deaotcSf that 
the result is toi'liiiled in the next following oh^^rrvatioii. 
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REMARKS. 

TArrd Month. TJ. Hoar frost: large spreading Cirri. 
28. Temperature 6 o® in the evening. 29 , Overcast sky. 
30. A veil of Cirrostratus a. m. The Cumulus afterwards 
shewed itself, and a slight shower ensued. 

Fourth Month. 1 . Stormy, with rain. 2 . Hoarfrost- 
a sprinkling of opaque hail about sun-rise. Several showers of 
this and some rain, during the day. 3. Hoarfrost: Cumulus 
a. m. Showers of snow, and of opaque hail p. m, 5. a. m. 
CirtostratuSj wet and windy. 10 . Cirrus and Cumuluscloads: the 
N, E. wind increases in strength : the mornitigs have been misty 
of late, and there have beert plen.iful dews, in consequence of 
the great difference between the temperature of day and night. 
15. Wind bois'^rous in the evening. J6. Cloudy a. m. 
17 . Slight showers. 20. From the ytb of this month we have 
had summer-like days and cold nights ; the roads have become 
very dusty, and the earth considerably dry. 21 . Some clouds 
of a threatening appearance from the N. £. ib the evening 
attended with depression of temperature. 22 . p. m. hasty 
showers, miKed with hail; afur which steady small rain till 
evening. 23. Cloudy; several scanty hail showers from 
large Nimbus clouds passing over. During the approach of 
one of these, a slender tapering, and somewhat twisted column, 
appeared in front, detached from the main body, and reaching 
down to the earth in the manner of a water spout. In a few 
minutes, by spreading on all sides, it became incoiporated with 
the rest of the shower. This is not a very uncommon ap¬ 
pearance, but I have seldom seen it so perfectly exhibited. 

RESULTS. 

Preva^^g winds Westerly, interrapted (after the middle of the 
period) by an*Easterly currenti 

Barometer : greatest observed height, 30-5u in.; least ^^9-18 in. 

Mean of the period 30*005 inches. 

Tliermometcr : greatest height 69® > least 27; 

Mean of the period, 49^11®. * 

Evaporation 2*38 in. RaiQ|>*70 in. 

, L. HOW\RD. 

Tottenham, 

Fourth Month, 25,1813. 
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VIII. 

On the Conducting Power of Bodies for Electricity, and the 
Effect nf Points. By H. B. 

2o ifefr. Nicholson. 


SIR, 

T he importance of electrical knowledge in chemistry, 
makes it desirable that philosophers ^should direct their 
atfentioii to the general etfects of this once very (ashionable^ and 
still surprizing department of experimental knowledge. This 
will, I am confident, obiain your admission for the following, 
and perhaps other, commnnicatiens, 1 may hereafter send you. 

'*■ It remains still undecided, w’hether the electric signs be 
caused by one single fluid, or by two fluids ; Whether the lumi¬ 
nous appearances be produced by the eleciiic matter rendered 
visible, or by a deflagration or comBnslion of tlie conductors, or 
of one of the elements of the air during its course, or by 
change of its density by mere impulse j whether bodies have 
any attraction for this luminous matter, which flies to them, 
or wl'.ether they retain it merely by virtue of the surrounding 
air, and readily give it out in a vacuum j whether there be any 
repulsion between the particles of electricity, since the luminous 
stream in vacuo does not diverge, and its distribution in con¬ 
ductors as in the electric well, follows another law than would 
arise from repulsion ? and while these and other very^portant 
doubts remain f what theory can be adopted, or wliat peculiar 
nomenclature can be made use of, which will not, by favouring 
some undecided point, lead us into error ? 

The order in which electrical phenomena are produced, is not 
the most eligible to consider them in. Excitation, which is 
the first opention th^ electrician performs, is the most abstru8j& 
and surprizing of a(i the appearances ; and it requires a most 
intimate acquaintance with the electnficatibn of simple con-, 
ductors, and the nature of electric charges, before any conjectinf/ 

cau 
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can be rr '.’ck' whh the least probability of success respecting it. 

It seems proper that our enquiries and observations should be 
first directed to the S't pU -t electric state of conductors 5 in 
the next place to electric charges, and lastly to excitation. 

Conductors of electricity n ay be consitlered in three points of Conductors, 
view j 1 . They afford a passage to tlie electric matter ; 2 . They 
admit of a variation in the {|uaiitily of electiicity they contain, 
and acquire by that means what is called a state of electricity ; 

3. And they admit of a variation in their capacity for retaining 
electricity, and by that means acquire an electric stare, though 
the quantity ot electricity they contain docsniiot probably suffer 
any increase or diminition. 'I'h; what is usually called, the 
electric charge, and perhaps depends entirely on the non con¬ 
ductor, which, in all experiments, must surround or envelope the 
conductors made use of. 

Electricity passes from place to place, cither invisibly Theiniatuix. 
through or over conductors, or visibly along the surfaces of 
bodies. If a conductor be very small, in pio()ortion to the 
quantity of electricity, it transmits the electricity visibly, 
whether its own substance be dissipated or not. Astronomical' 
silver wire, of about (he eight hundredth part of an inch thick, 
is very convenient for making experiments of this kind with 
small jars. Those b<»dics w'hich are called non-condnctors, do 
all conduct electricity, both invisibly at»d visibly j and it is 
know'n that this pirwer resides at their surface, because glass 
balls charged and .sealed np, retain their electricity for many 
years, and the sealing does nothing more than destroy the con¬ 
nection between toe outer and inner sutfaces. ^ Hence it appears 
probable, that el. ctricity is in almost every case, transmitted 
along the surfaces of bodies, and is not c.apable of flying over 
considd^ble intervals without such a surface to conduct it. But 
the sensation experienced in thb electric shock* seems to shew 
that it can pass through the internal parts of conductors. 

From this conclusion we may conceive, how a non-conductor xin v protia- 
may become a better condi^ptor at a certain den.sity than at any hly act by sm¬ 
other. Thus for example, dense air resists the passage 
r electricity, because its particles are too dose together to admit 
<af free surfaces, without their being remoVd from cach^other, 
as is effected by t#»e electric spark. If its rarity be greater the 
jurfaces are more remote, and probably exert their conducting 

power. 
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power better : and if the rarity be still greater, the leaf from 
one particle to another may be too great for the electricity to 
pass by the intensities we produce. The impermeability of a 
vacuum to electricity, seenas strongly to countenance this 
doctrine. 

1 he next point of view in which conductors are to be con¬ 
sidered, relates to the electric state they are capable of. This i.s 
usually supposed to be a natural consequence of an attraction, 
excited between the conductor and the electric matter ; but a 
more accurate view of the appealances will shew that this 
principle is by no means the leading agent in producing, or 
maintaining electric intensity. For the electric sparks a foot oi 
more in length, scaicely e\cr strke .oe nearesr part of the 
receiving ball, or pahs by the nearest course^, poirted conductors 
emit or receive electiicity, vdfh Ihe greaic.st facility j and 
iio conductor rel,'»ins iis electric state in a common boylean 
vacuum. Since, therefore, it appears that coauucting bodies 
exert a very inconsiderable force uf attraction on the electric 
matter, it remains to be enquired, by what powers they retain 
the intensity they may be »oade ycquiie. 

From the fiicility with w'nicn tlie electric matter traverses a 
vacuum, or rarified a'r, it is evident that the preservation of 
electric intensity in bodies depends greatly on the resistance 
afforded by den.se air to its escape j but at Ihe same lime the 
ph nomena of pointed bodies, shew' that the co-operation of 
another circumstance is essentially necessary to the effect. 
Whai ibis oilcnmstance is must be deduced from the solution 
of one of ihe most important, and most difficult, questions in 
electricity, that is to say, why do pointed bodies throw off, or 
receive electricity with the facility they are Known tcupossess in 
this respect ? For the other question, why do blunt bodies retain 
electricity ? is the converse of this. 

The effects of pointed bodies have been accounted for in 
several ways, but the following are the most generally received. 
They who admit of electric alroo^heres, shew that the atmos¬ 
phere surrounding |n angular termination, admitting its altitude 
to be every where |l)e same on a given conductor, is really larger 
than* would be required to envelope the les% prominent parts of 
the surface, and thence they infer, that the escape or admission 
of electricity must be the easiest of all, at *such terminations. 

This 
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Tins explanation labours und^^r the difficulty of its being hitherto 
far from being proved that ‘?ucb aUnospheres have any exis¬ 
tence j and likewise undei that of rbe supposition of an uniform 
height of such atmos|diC''''s, {heir disposition to fly off^ 
without any other evide”.! c'jwv than an accumulation, which 
apparently ought to be jjo.served by the same cause which 
occasioned it, being .. ‘U'ely gratuitous. Volta ascribes the 
action of points Uj tOt rruriuteness ef il eir surf. c^-, whieli does 
not admit any sensible uoanliiy of the clectrif'ity to lake the 
form of a'charge,’^'as u always docs in lart-c surfaces, to the 
diminution of that iiiun’ity on which the .^ipoaition to escape 
depends. Thi*- explen-n'on in nearly the ■^•anv,- as if he had said, 
that the surfaces between whic h elcctnctty passes, are the coat¬ 
ings of an electri* plate of air, and that the transition consists 
in the breaking of this plate ''f air, as st)on as it is highly enough 
charged ; that the smaller the si/rfare, the (tighcr the charge, 
the same power of excitation oi accumulation of electricity, 
being supposed, and, consequently, the thicker the plate of air 
which might be broken through, or distance to w'hich the 
electricity would fly. Tliat the escape or transition of electricity 
is prevented or rendered Jess easy by the diminution of intensity, 
produced by the vicinity of an uninsulated conductor is experi¬ 
mentally proved ; but it does not appear probable, that the want 
of this diminution is *he principal cause of the action of points. 
For if we suppose a round ball to be presented to an electrified 
conductor, at such a distance as that the diminished intensity 
should be insufficient to produce a communication ofelectricity, 
it ought to follow, if the diminution were the principal cause of 
the communication not taking place, that a point at the same 
distance would cease to receive or emit electricity, as soon as 
Its operation had produced as great a diminution of intensity as 
the ball bad produced in the former case; or that a ball, pre¬ 
sented at a given distance from a conductor, would prevent the 
operation of a point. But it is well known, that the facts by no 
means confirm this deduction, not to mention that a ball of # 
moderate size produces no sensible diminution of intenypity in a 
large conductor well supplied; and that,^n many cases, pointed 
bodies perform their usual effect at great distances from .other 

* 

* ]philosophical Transactions, vol, Ixxii* p> i. 
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bodies, which are supposed to possess the intense opposite state,- 

and do not seem to act much, if at all, less efTectually on that 

account. 1 must likewise add, that if a point be made to issue 

from the surface of a metallic ball, and that part of the ball 

which is diametrically opposite the point, be presented to an 

electrified conductor, the point, though not directed towards 

the conductor, will, nevertheless, dlscbargo its electricity 

silently, in the usual manner, though no good reason can be 

ofl'ered to shew why the ball, which by its charge is supposed to 

prevent the transition of electricity to or from its own surface, 

should not equally.ailcct the remoter point. 

liord Stan- Earl Stanhope, admitting the existence of electrical alraos- 

liopo’s- theory pheres, consisting of air electrified by communication, accounts 
of atmospheres ^ . ii-. 

of f'lecifi- for the action of pointf from the circumstance that their extre* 

fied air. milies, projecting beyond the common surface, are placed in a 

less dense part of the atmospliere, where the resistance to the 
transition of electricity is less than nearer the surface. On this 
hypothesis I most observe, that it is not probable that electiified 
bodies have atmospheres of air cleclrifiad by communication, 
for two very strong reasons. The fir.it is, that if such commu¬ 
nication took place almost instantly, to the distance of many 
feet, it would be scarcely possible to .shew why the whole elec¬ 
tricity of a conductor should not be conveyed otF in the smallest 
space of time ; and it is admitted that electric atmospheres 
extend as fir as their effects are perceived. In the second 
place, it is known that the eflects of electricity diminish gra¬ 
dually and regularly as the distance increases, and that air re¬ 
ceives and loses electricity slowly ;—two circumstances which 
are not reconcileable with the little disturbance which agitation 
of the air produces in those effects. For if the slovi ly electrified 
air were the cause of the general phenomena of electricity, it 
would doubtlesf. cease to act with regularity, when the more or 
less electrified parts were mixed together. But though the 
position of the existence of such atrnospheres so formed, seems 
). inadmissible, yet it will appear, u|)on consideration, that the 
sagacity of the noble author has led him to point out the fact, 
on which the ad ion pf points principally depends. 

A point consider^ly elevated above the surface of an elec¬ 
trified conductor, emits or receives electricity with scarcely 
any sound, and with great facility. When very little elevated, 

this 
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this facility is much less, and the transition produces more 
noise ; and, when an elevation is about the of an inch, with 
positive electricity, the point throws out sudden explosive 
brushes, and if an uninsulated ball be presented, it emits long 
zig-zag sparks. The blunter the point, the ]e.ss it need be de¬ 
pressed to produce this change in its property, and so ue varia¬ 
tions may perhaps follow from variations of intensity. With 
negative electricity the point does not lose its property of 
causing a silent transmission of electricity, till it is very much 
more depressed than in the experiments with positive elec¬ 
tricity. As a point is in effect a surface so S 9 iall that one ma¬ 
chine can cause the electric matter to pass off in a continual 
flux, it is evident that w'ilh a great intensity a ball may even be 
considered as a point. 

These are the leading facts respecting points, and they do no 
appear capable of being explained by any simple statement. To 
me they seem to depend on a fad which is the reverse of the 
electric charge ; but 1 must reserve this to a future letter, 
and am. 


SIR, 

Your obliged Reader, 


R. B. 
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Geological Society, 

May yth, lb 13. 

The President in the Chair. 

Matthew Cully, Esq. of Askeld, Northumberland, 

Thos. Brandram, Esq. of Lee, Kent, . 

Were severally elected members of the^ociety. 

The reading of Dr. Mac Culloch's paper on the Geofogy of 
certain parts of ScoUadi, was begun. 

Thtf 
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The "first article in this paper treats of the granular quarts 
rQck of the island of Jura. This, by some denominated 
granite, and by others, granular quartz, but by all who have 
hitherto described it, considered as a primitive rock, constitutes 
the principal and fundamental rock of the island y in parti* 
cular, the three well known conical pnps of Jurat of the height 
of 2500 , or 2600 feeti are entirely composed of this minend. 

It is disposed in regular uninterrnpted strata, six or eight 
feet in thickness, and rising, for the most part, at a considera* 
ble angle towards the west. These strata'do not appear to be 
traversed by veii.j, except of quartz, nor do they alternate with 
any other rock. On the shore, however, the dip and direction 
-of the beds are obseived to vary considerably. The minera* 
logical composition of this rock, presents several varieties. 
Sometimes it is extremely compact, being made up of grains 
of quartzf of various degrees of magnitude, united without 
cement. Sometimes, besides the quartz, it contains felspar, 
seemingly in rounded fragments, aUd often decomposed into 
clay. In one specimen, a manifestly water worn pebble of 
quartz is enclosed j and, upon the whole, the rock may be 
considered as a kind of sand-stone, consisting of quartz and 
felspar, the former in the larger proportion. In some of the 
beds, the sand>stone passes into granwacke-slate, by mixture 
with pieces of mica-slate. From these circumstances, D. M. 
considers the quartz rock of Jura as a mechanical deposit 
formed from the fragments of older ones, and not as belonging 
to the Wernerian primitive class. According to Professor 
Jameson, however, this very rock rises from below the mica¬ 
ceous schistus j we must therefore admit either that the mica¬ 
ceous schistus described by Professor J., is not primitive, or 
that the circumstances under which the primitive rocks were 
formed, were"" such as to exclude, at the same time, the pro¬ 
duction of a mixed mechanical de^msit. 

The next article in this paper, contains some miscellaneous 
remarks on the geology of the is.^and of Rona. The principal 
rockf that here make their appearance,are gneiss and hornblende 
rock (including, un^er the latter denomination, both hornblende- 
slate and greenstone-slate). Where these two rocks come in 
contact, the gneiss is irregularly cmed "and contorted; the 

gndss 
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gneiss is traversed by oamerous and thick veins of graphic gra> 
nite, in which woifranjfoccurs. ^ 

The district of Assynt, forming the western part of Suther- 
landsbire, is the subject of the next article. The mountains 
and higher ground of this district, consists of the same rock 
as the so called granular quartz of Jura, forming here, as in 
thd last mentioned island, smooth conical hills of considerable 
elevation, snow white at their summits, and singularly sterile 
and arid. The white colour of the rock, is, however, only 
superficial, the recent fracture exhibiting grey, yellow, and 
brown tints. It is distinctly stratified, aniT rises at a high 
angle. The texture of this rock is various, from imperfectly 
conchoidal, to loosely granular, composed of rounded grains, 
and in some beds aof angular fragments. It divides naturally 
into rectangular blocks, on the surface of which, is the appear¬ 
ance, as if of cylindrical bodies imbedded in the moss, forming 
a number of circular protuberant spots, of a whiter colour, 
and more compact texture, than the rest of the rock. A sec¬ 
tion at right angles, to the natural surface of these blocki^, 
shews that the above-mentioned circular spots are occasipned 
by the cross fracture of strait cylindrical bodies, which are, 
perhaps, the remains of some species of sabella. Associated 
with this grit, are compact gneiss, horublende-slate, and syenitic 
granite, but their relative positions, D. M. was unable to ascer¬ 
tain. Subordinate to, and apparently alternating with this grit, 
is a great deposit of limestone, in two very thick stratified beds, 
with a thick bed of grit interposed. In some parts, the section 
of these beds forms a continuous and even line; but in other 
parts, is so curved and broken, that the stratification can 
scarcely be perceived. 

The limestone is dark, grey„ or neai ly black, of an earthy 
aspect, and minute granular fracture, and smelling offensively 
when rubbed. It does nok appear to contain organic remains, 
but is traversed by veins of red or white calcareous spar; it 
contains grains of sand, andf therefore, gives fire with steel. Its 
sur&ce is covered, for the most part, with a loose caleareous 
tufe, which, in aome places, being rendered aolid by an infiltra¬ 
tion of calcareous matter, constitutes a bard breccia. • 

In the same valley of the Tain, of which the above rock 
forms thB.precipitons side, occur iusulated inasses, ruing through 

the 
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the grass of inslratified granular marble, varying in colour 
fr<fln pure whire to gray, the geologicai ltelation of which. Dr, 
M. has not been able to determine. This ts the white marble 
^nentioned by Williams in his Mineral Kingdom,” and which, 
has since been wrought with some success, by Mr, Sophir of 
Gateshead. 

« 

May1\, 1813.. 

The President in the Chair, 

William Hill, Fsq. Bedford Row, 

Hastings El win. Esq. of Farnham, Dorset, 

Frederic Daniell, Esq. of Lincoln’s Inn Fields, were severally 
elected members of the Society. ^ 

A paper by the Rev. William Greg, Hon. M. G. S. con¬ 
taining (Observations on a species of Tremolitc found in 
Cornwall,” was read. 

This mineral occurs in a dark green serpentine rock forming 
the ridge called Clicker tor, in the neighbourhood of Liskeard. 
It is accompanied by Asbest. On analysis it appears to be 
composed of 

62'2 silicia 

14*1 lime 

12'Q magnesia 
5*9 oxid of iron 
I'O water 

A trace of o 2 tide, of manganese, and of soda. 

96’1 
3*2 loss 

* —— , 

100 0 

l^e continuation of Dr. Mac Colluch’s paper on the geology 
of dtfferents parts of Scotland was read, and thanks were voted 
for the same. 

The^anular quartz of Ista appears to be precisely the same 
rock, or the sandstbnil^of Jura, already mentioned. From the 
observations of Pr. Jameson, coinciding with ^ho'^ of Dr. Mac 
Colloch it appears to alternate with mica slate and clay slate» 
and with a very impoftant formation of limestone. This lime* 

stone 
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stone is more or less granular, and contains no organic remains, 
nor any beds of fetid limestone : when enclosed between bdQs 
of clay slate, it is of a dark blue colour: when in contact with 
mica slate it is grey or white j both varieties pass insensibly ^ 
into the slate within which they are enclosed : and the lime* 
stone, the schistus, an • the sandstone, are i vidently n embers 
of one formation. 

The structure of Scbehallien'is the subject of the next ar* 
tide. This mountain consists of a central ridge in veilical strata 
flanked on every side by beds of mica slate nearly vertical, and 
containing subordinate beds of limestone. The rock composing 
this central ridge, though it has been denominated gianite by 
some mineralogists of no mean name, is in fact the same as the 
granular quartz of jkira, being composed of highly compacted 
grains of quartz with interspersed grains of earthy fel^ar. The 
same quartz rock appears in the valley of the Lyon to the S. of 
Schehallien, and it seems that the mica slate alljernates with 
' beds of quartz rock ; and is, therefore, of the same asra as 
this latter. 

The vicinity of Criman, which is the subject of the next 
article, is remarkable for presenting nearly vertical beds of well 
characterized granwake and granwakke slate, with equally welf 
characterized beds of clay slate and chlorite slate. 

The structure of the rocks bounding the vale of Abesfayle, 
is next described. On tracing this country up fo Benledi alter¬ 
nations of granwakke and granwakke slate with clay slate first 
occur : then comes a fine roofing slate approaching in parts to 
mica slate, but distinguished by a true granwakke structure, that 
is of grains united by a slaty cement, only in this case the ce¬ 
ment is not clay slate bat mica slate : beyond this, the true 
ihica slate makes its appearance. , , 

The general deduction from these facts is, that those rocks 
which have been ranked as grimilive schist alternate with rocka 
of recomposed materials, which belong to the transition class of 
Werner : but this alternatloia throws great doubt on ilie reality 
of transition rocks as distinguished from primitive, and rather 
• tends to bring back the orig'mal division of |pcks into primitive 
and secondary. ^ • 
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To Volume XXXIV* 


page line 
280 3 

280 29 

282 3 

289 29 



olive oil by boiling* 


read olive oil thickened 


by boiling. 

for “ or water,” read on water. 
for Do. precipitation of arsenic, 
for ** -773 azote," read *073 azote. 


read Do. 
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ARTICLE I. , 

A Theory of the Tide^t including the Consideration of Resiih 
ance. By a Correspondent, E. F. G. H. 

[The author of these investigations is sensible that they are 
not altogether so explicitly and demonstratively detailed as 
could be desired ; they were not written with ^oy >immedidte 
view to publication ; but, as they contain some new results, 
and may possibly lead to new methods of calculation, he 
thinks It better that thfCy should be printed in an impel feet format 
than that they shouldJae wholly lost, which Is the oulyalterna* 
tive compatible with his present engagements. He does n'^c 
apologize to an author hona whom he has borrowed some 
ideas, because all thoas, whq are sufficicntly^intercsted in the 
subject to study this essay, aic probably alieady acquainted 
with that author's work«.] 

THEQi|ja&r A* F*g* l* IV", 

I F the point of aXtspeasion (A) of a pendulum (AB) be ForoN ubra< 
made to vibrate in srregular manner, |hat is, according to apen- 

tbe Jaw of cycloidal vibrations, tlie pendulum itself may also 
vibrate regularly in the same time, provided that the extent of 
its vibiations (BC) be'9b that of the vibrations df the ptHUt of 
Vot. XXXV.—No. 163. L sus.' 
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suspension (AD), as the length of the thread (AB)« supposed 
to carry this point, is to the ditference of the lengths of the two 
Uireads. 

In representing the vibrations, we may disregard the curva¬ 
ture of the paths, considering them as of evanescent extent, 
the forces being still supposed to depend on the^inclinatlon of 
the threads. Let P be the intersection of AB with the vertical 
line EP, then, upon the conditions of the theorem, BP will 
be equal to AE, since BC : AD=: AE : A£ AB, and, by the 
properties of similar triangles BC : AD=:BF : BP ' AB. Con¬ 
sequently the inclination of the thread AB will always be the 
same as if F were its fixed point of suspension ; and the body 
B will begin and continue its vibrations like a simple pendulum 
attached to that point, the true point of suspension accompa¬ 
nying it with a proportional velocity, so as to be always in the 
right line passing through it and through F. It is obvious, that 
When tfie thread suspending the moveable point of suspension 
is the longer bf the two, the vibrations will be in tire same 
direction ; when the shorter, in the contrary direction. 
lUustration. Scholium 1. The truth of this proposition may easily be 
illustrated, by holding any pendulous body in the hand, and 
causing it to vibrate more or less rapidly, by moving the hand 
regularly backwards and forwards. 

Application to 2. The same mode of reasoning is applicable to 

oiher forces. ogciHations of any other kinds, which are governed by forces 
. proportional to the distances of the bodies concerned, from a 
point of which the situation, either ia a quiesc^t space, or 
with respect to another moveable point, varies according to the 
law of the cyclotdaljpendulum, or may be expressed by the 
sines of arcs v^ing with the ^me : such fmrees always pro¬ 
ducing periodical variations, of which the extent is to that of 
the excursions of the supposed poini of suspension in the ra¬ 
tio ofn to n—1, n being to I as the square of the time of the 
forced, ta that of the time of the ^'spemtaneoui vibration, and 
when o—1 is negative, the displacement being in a direction 
opposite to that t^e supposed point of suspension. Conse- 
qaentily, when a body is performing oscillations by the operation 
of any force, and is subjected to the action of any other peri¬ 
odical forces, we have only toinquireat what distance a move- 

able 
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able point must be situated before or behind it, in order to re^* 
present the actual magnitude of the periodical force by the 
relative situation according to the law of the primary force 
concerned, and to find an expression for this distance in terms 
of the sines of arcs increasing equably, in order to obtain the 
situation and velocity of the body at any time, provided that 
we suppose it to have attained a permanent state of vibration. 

Sjcholium 3. If the oscillating body be initially in any other Differcntcase^ 
condition, its subsequent motion may be determined, by consi¬ 
dering it as performing a secondary vibration with respect to a 
point vibrating in the manner here supposed, which will con¬ 
sequently represent its mean place j but if there be no resist¬ 
ance, the body will have no tendency to assume the form of a 
regular simple vibration, rather than any other. 

Theorem B. 

If the resistance be simply proportional to (he velocity, a Forced vibra- 
pendulum with a vibrating point of suspension may 
regular vibrations, isochronous with those of the point of sus- velocity, 
pension, provided that, at the middle of a vibration, the point 
of suspension (A) be so situated as to cause a propelling force 
equal to the actual resistance, the extent of the vibrations being 
reduced in the ratio of the whole excursion of the point of 
suspension (BC) to its distance from the middle at the begin¬ 
ning of the motion of the pendulous body (DC) : and it will 
ultimately acquire this mode of vibration, whatever may have 
been its initial condition. 

Let FG, %. 3 and 4, be the supposed length of the thread carrying 
the point of suspension, and draw FE passing through D j then 
if HC=EG be the extent of the vibration, it will be maintained 
according to the law of the cycloidal pendulum. Draw the 
concentric circles BI, DK, HL : now the initial force may be 
represented by HD, which determines the inclination of the 
thread ; and at any subsequent part of the vibration, if the 
centre be advanced from D to M, the time elapsed will be ex¬ 
pressed by the arc IN ; D1 and MN being perpendicular to 
AB i and taking HL similar to IN, the perpendicular LP will 
show the plac| of the pendulous body, and PM the force, 
which may be divided or resolved into two parts, PQ and QM. 

But pa is to LK^ or HD, as PC to LC, or HC j consequently 

1 2 this 
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tLtf part of tbe force will always be employed in generating the 
regular velocity; and QM is equal to KR^ which is tbe sine 
of the angle KNR or BCL to tbe radius KN=t)I=:=AC, and 
which therefore varies as the velocity^ and will always be equal 
to the friction, provided that it be once equal to it, the ratio of 
the forces concerned in any two succeeding instants being 
always such as to maintain a regular vibration. 

If the pendulum be initially in any other situation than^faat 
which is here supposed, its subsequent motion may be deter- 
mined by comparison with a point vibrating regularly : and if 
we wish for a genepal view of the case in an early stage, the 
eifect of resiltance in these secondary vibrations with re¬ 
spect to such a point, may be neglected : but since they are 
not supported by any sustaining force, they will evidently be 
rendered by degrees smaller and smaller, so that the pendulnm 
will ultimately approach iuiinitcly near to tbe regular state of 
vibration here described, which may therefore be considered ai 
aflording a stable equilibrium of motion. 

AU<;uitiidc of Scholium Supposing tbe relation of the resistance to the 

displacement, ygjocjty {q be altered, the relation of the sine AC to tbe cosine 
CD must be similarly altered, the force eqitivalent to the re¬ 
sistance varying as the sine, and tbe extent of the vibrations, 
and consequently the velocity, as the cosine of the displacement 
BI : but the relation of the sine to the cosine is that of the 
tangent to the radius: so that tbe tangent of the displacement 
will be as the mean resistance. And tbe sine of the displace¬ 
ment AC is to tbe radius BC as the greatest resistance is to the 
greatest force which would operate on the pendulous body if 
it remained at rest at G. 

Different de- Scholium 2. This proposition may also be deduced from the 

•loastration. former, by representing the resistance as a force tending to a 
moveable centre of attraction, analogous to the point of sus¬ 
pension of a petidulum, so as to creata^ a new vibration liaMe 
to an equal resistance; or still more simply in the present in- 
itance, by attribnting tbe whole actual resistance to the prin¬ 
cipal vibration, and considering the subordinate vibration » 
exempf from it. Tbe^ rest stance ar G may ev>dentjy be repre- 
presented by the force acting on a pendulum the length AG 
at the distance AC from the vertical line, and the correspond¬ 
ing excunion of the pendulous body must be represented, ac¬ 
cording 
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cording to the former proposition^ by GS> which is to AC as 
the length of (he thread corresponding to the periodical time is 
(o the diiference of the lengths : so that when the place of the 
body, as determined by the former proposition, without resist- 
ance, would have been S, it is actually found in G : the centre 
of attraction representing the resistance being always behind 
the body, the body will also be behind the place which it would 
have occupied without the resistance when the vibration is di- 
rect, but before it when inverted ’ and it will be found, that 
the forces concerned preserve their due proportion in every other 
part of the vibration. At the beginning of tbe4rue vibration, 
the body must have its greatest velocity in the subordinate vi¬ 
bration representing the effect of resistance, and this velocity 
must be equal and contrary to the supposed velocity in the pri¬ 
mitive vibration, independent of resistance; consequently 
AC, representing the greatest velocity in the subordinate vibra¬ 
tion, must be equal to DI, the sine of the displacement, which 
shews the velocity in the primitive vibration. And this agree¬ 
ment with the former demonstiation is sufficient to show the 
accuracy of this mode of representing the operation of the 
forces concerned. 


Theorem C. 


If the resistance be proportional to the square of the velocity. Resistance as 
a pendulum with a vibrating point of suspension may perform 
vibrations isochronous with those of the point of suspension, 
and very nearly regular, the relative situations being nearly the 
same as in the case of a similar pendulum liable to a resistance 


simply proportional to the velocity, and equal in its aggregate 
amount to the actual resistance, 


The mode of investigation which has been exemplified in the 
last scholium, may be applied to this and to all other similar 
cases; the only difficulty^ being of a mathematical nature, 
since the method depends on the expression of the forces con- 
cerneB in the terms of sines or cosines of ^arcs, and their mul¬ 
tiples ; and it appears to be frequently impossible to (]o this 
otherwise than by*approximation. In the present instance we 
cannot obtain a perfectly correct expression for the square of 
the sine: the square of the sine, in the common language of. 

mathe- 
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Approxima¬ 

tion. 


mathematics, being always positive, and this case requiring an 
alternation of positive and negative values, the common forms 
employed by Euler, Arbogast, and others, completely fail; and 
the difficulty seems to be rather in the nature of the problem, 
than in the mode of investigation, for the formula which an¬ 
swers the conditions most completely for one part of the 
circle, seems to be incorrect at others. Thus we may put 
S*x=^nSx-^L'S3x + cS5x .. . omitting the even multiples, since 
they would afford different values for the corresponding parts 
of the first two quadrants, and take the successive orders of 
tfluxions, whence we have 
S^x^aSx-{-l'S3x-\-cS5x -\~,, 

25!r<a:= «gr+3/!53x+5eC5jr+ ,., 

2 —= — a^Sx — gl'S3x+25cS5x .. , 

— 8i>x(;x= —125c<:5j; . .. 
l6S'Kv^S:=:aSx-^&\bS3x+625cS5x ... 

If in these five equations we make x alternately = 

*=0, we may find five coefficients, a = '7861 b = —’2698# 
c = — 03709 , d =’01612, and e = -00732, which represent 
the ordinates of a cut ve agreeing with the curve proposed at 
the vertex and at the origin in situation, in curvature, and in the 
first and second fluxions of the curvature ; and yet the curves 
differsurprisinglyfrom each other in the intermediate parts; 
the ordinate at 45° becoming ]e»s than 4 instead of *5. 

On the whole, the best mode of determining the coefficients 
viz.(- 4 ) ( 5 ) appears to be, to divide the quadrant into as many 
parts as we wish to have coefficients, and to substitute the corres¬ 
ponding values of the arc in the general equation; we thus obtain 
q = -8484, b -= —- 1696 , c = —*0244, d = —•CX)8I, e = 

— 0029 , andy*— —-0013. Then if we make, as before, the 
square of the tinie in the entire forced vibration of the point of 
suspension to the square of the time of the spontaneous vibra¬ 
tion of the pendulum as n to 1 , the distance of the pendulous 

body will be expressed by—^ whdi that of the point of sus¬ 
pension's unity j and accordingly as n —1 is positive or negative, 
the body will be on life same side of the vertical line with the 
point of suspension, or on the opposite sidcc: and the same 
will be true with respect to the displacement corresponding to 
the first term of the series expressing the resistance, substituting 

the 
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the supposed centre of attraction for the point of suspension, 
and tUe mean place tor the vertical line : but in the following 
terms, the value cf n is successively reduced to -J;, , 

and so forth •* consequently, the whole displacement immedi- 
tely produced fey the effect of the resistance rS^x will be rn 
Sx — S3X — S5X— — S7x— 

5 I Ij:). This displacement will, howevei, 
cause an alteration of the resistance, which may be considered 
as a ditfereniial of the former, and since (y^)‘ ='-iyy» the new 
resistance may be expressed by the product of the new and 
twice the original velocity, or by —- 2r^nsx ^ 

^337 — 5 ^5x — ..and the consequent displacement 

may be determincfi in the same manner as for the original re¬ 
sistance. The first term gives 2r*«® 77 ,: " 7 ;" 7 ) S2x : for the re¬ 
mainder we must find an equivalent series in terms of the co¬ 
sines of multiple arcs, since the .direction of the force of resist¬ 
ance does not change where the sine becomes Negative : and 
each term will require a separate investigation while n remains 
indeterminate ; but for the present purpose two of the terms 
will be sufficient. The method employed by Euler for deter¬ 
mining the coefficients in such cases is of no use here, because 
it affords a progression of sines only: we must, therefore, put 
ii^ar+/K;}>jsuccessively equal to Sxi^Sx, and to ,S.Tf5T ; 
then, bisecting and trisecting the quadrant, we find the coeffi¬ 
cients ’1607, ’3333, ’686g, and — *5202, and —’1057, 

-—*2886, *6421, and — ’2478, respectively, and the whole of 
this second displacement becomes Sy* — 


•?OBR 

«—j;, 

■1057 


-•1667 ’3333 'S^oa - , ...v., .u,, 

( —- CK—-—— e5*“~-C7*)-(— — f'X 

^ n—I H—P as n—49 ’ n—ij '■ «—i 

■4888 „ , -6421 „ -2478 . 

— — “ -— 9-^*-9'* > y* 

9 ' * n —as »*—49 ’ X , 

For example, if we take r and w, each equal to ■ 5 , the first txampfe’ 
formula gives —*4434 fcjr the displacement at the middle of the 
time, and O for the beginning j the second 0 at the middle, and 
—*0022 at the beginning*: but the true beginning of the actual 
vibration is modified by the velocity belonging to the {jrst order 
of the effects of resistance, which is found in this rase * 390 , 
consequently, the true time of rest will be when the velocity is 
—•390 in the prfinitive vibration, or when the arc corresponding 
to the excursion is 67 ", and its sine 920 , which, lessened by 

•002'>,. 
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Failare of* 
direct iavci^tj- 
gation. 


Simple pcndii' 
lum with ri>8t»> 
tanre an the 
square of the 
velocity. 


* 0022 , shews the true extent of the excursion * 9178 } and reck* 
oning from this point as the beginning, the displacement in the 
middle will be reduced to about *05. Now an equal mean re¬ 
sistance, varying simply in proportion to the velocity, would 
cause a displacement in the middle of ’<iC)57 instead of *4434 ; 
and reckoning from the true beginning of the vibration, the dis¬ 
placement in the middle would vanish, instead of being reduced 
to about '05, and the extent would be ‘ 9 I 96 instead of '9178. 
And if r were smaller than there would obviously be still 
less difference in the two cases. From the small proportion 
which the second displacement bears in this case to the first, it 
may be inferred^ that any further calculation, of the effects of the 
third order, would be wholly superfluous. 

Scholium 1 . Dr. T. has suggested an ingen’ous method, 
which affords a formula for the coefficients of the first series ; 
but unfortunately It loses its convergence too soon to be of any 
use. Taking the equation. 2 S-i’c3' = nq, 4 . 3 ^g 3 J+ 5 c 55 x-F...=K= 
2 ( 1 — 9 ®j) ^ 5 ^, we may expand this expression, by means of 

the binomial theorem, into 2 qv — ^ 9 '’x— .. and 

substituting the cosines of multiple arcs for the powers of 
and then comparing the homologous terms, we obtain a=2 
(l—a—,..) where «=A, ^ = 3 = ^44 

. -f-y,« -f i 5...! —4 (*+0 + y + ••.) where? 

* rV> ^ -> 0 , y = ^ • 3ud C =E •— 

(«+@+y+. .) where » = 0 == f.-f-.J*, 7= ••• ^ 

but in all these series it is obvious that the ratio of the terras, 
as they diminish, approaches to equality ; so that it is even diffi¬ 
cult to determine whether or no this sum is finite. But a still 
greater objection to this method is, that the third fluxion 
—rfiiS.i 9 .T, treated in the same way, affords a very different 
result. 

Scholium 2 . In the case of a simple pendulum, subjected for 
a single vibration to a resistance proportional to the square of 
the velocity, the space described may bfc correctly calculated by 
means of ^logarithmic equation, and the time might also be ex¬ 
pressed, if it were required, in a series. Let the space described 
bo a', andjfhe resistancey, then the force may be represented by 
1 —X—y, and the square of the velocity will bej (i —arx—yi), 
whence (x—and jf^ax^iuap’^yxj and , 
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3 sc(ft— ai) X. Then if we makey= 1 / 2 ;, % being a function of 

and have j and in 

« 

order to determine », w'e may put M 2 «f a«».T=o ,-2 +ajr=o, 

HIv*= — ax, or and, substituting for s'u, er“"tt “ 

(a— aji) irj or, if ax—w, t—^ii==iiv — ~aiv,u:=^e“w’-a e^^'W 
and Hence (Eal. calc, integr. pr. 

£2)y=Ce~'^ +1—aDe^'—i,t4'+^,==:Ce^*4- > — 
which must vanish when 3 -=o, and e-"*=j, whence O—ir 

rt+l a+l 

D=—, and^=-- - 

Scholium Z. The same result may be still more simply ob-Different in- 
tained, by repeated approximations, from the first expression 
y=aj (i — x'x —//*) : neglecting first the term j/if, we have 
y^ax —then substituting this value in yx, we have afjjl* 

■ = I aV— 7 ^ a***, and y—UK — a*- + 7 ^ a® ‘T®, to 

which we add, by another similar operation, the terms 4 - 1 :^ 

and the whole becomes ax —■^a®*®+ 77 r a®*®— 

.—|[a*®+Ti 3 < 1 ®**—••• But it is well known that 

tf—"''irr I—fl* 4 .therefore, ?/= 1 

-f i"—-*■ j precisely as before. The length of the whole vibra¬ 
tion may obviously be found by making y —0 : and if it be de¬ 
sired to determine the time, we must dev dope, by means of the 

polynomial theorem, the expression -(ax—^(a+a*)x^+-^j 

...) and take the fluent. 

Scholium 4. This inode of exhaustion may be illustrated by IVndulum 
another well-known case of a pendulum with a constant rests- 
tance, w'hich is known not to alter the time of vibration. Calling 
the initial force 1, and the ritsistance a, the velocity destroyed 
will be a.v, if x be the arc proportional to the time : and the 
diminntion of the space wilf be : but ibis displacement 
will cause a new force, which is to the initial force 1 as ^ok/® to 
the radius 1 * and is therefore represented by |aJ*, hence the 

velocity will be incaeased by the quantity i===»ir aud 

the space by tj; a**; so that we have |a^*—ii:; ax^ for the 
. corrected' 
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corrected displacepaent : and this correction will, in a similar 
manner, afford a second of xiS i so that the true displace¬ 
ment becomes —... which, a® 

is well known, is equal to ; and the diminution of the 

velocity 0 *—= o.Sr •, which will, of 
course, vanish, when x=s I 80 '’ j so that the body w'ill be at 
rest at the expiration of the corresponding time of a complete 
vibration in one direction. And a similai mode of calculatio. 
may be applied to the case of a .simple pendulum, wuth a resis¬ 
tance varying as the square of the velocity, except that here thf 
variation of the resistance at each step makes liio process moie 
complicated. 


Thkobem D. 

PccuHarities If the resistance be proportional to the square of the velocity, 
^brati'o^js'wUb ® Pendulum, c" wdiich the point of suspension performs vibra 
vf ustance* lions composed of two regular vibrations, may have its greatt 

excursions a little after the greatest excursions of the point of 
suspension when its vibrations are inverted, and a little before 
them when they are direct, provided that the '•lower vibrations 
be the larger. 

In order to express the resistance as correctly as possible in 
this case by a scries of multiple arcs, it would be necessary to 
have a great variety of terms, some approaching in their periods 
to the primitive vibrations, others triple and quintuple of these : 
but for the present purpose these greater multiples may be safely 
omitted, taking care only that the omission do not affect the 
determination of the coefficients of riie rest. The general 
methods of obtaining a series in the terms of sines and cosines 
of multiple arcs fail here, as before*, on account of the positive 
terms resulting from the squares of negative quantities, where 
the conditions of the problem require that they should be 
negative, and it is necessary to employ approximations obtained 
from the results of individual substitutions. For this purpose a 
series*of 5ve or six terms has been tried in v^ious ways w'itbout 
success : and the most convenient form which has been discover¬ 
ed consists of three only, two isochrtmous with the primitive 

vibrations. 
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vibrations, and the third having a recurrence less frequent by 
one time in the common period than the slowest of these : then 
the coincidence being established at the lime of the greatest and 
least excursions, and at the transit of ihe vertical line nearest to 
the nniddle of the interm'^diate time, a mem value of the 
coefficients may be obtained, which no where diffiers very 
materially from the truth j although, if we desire to make the 
c./tncidence more perfect in an/ given part of the period, we 
rrny do it by altering the values of the coefficients a little; and 
!: the^e means we may obtain a '.orreclion of theapproxima- 
tf jo, sufficiently near to the tri tb 'VV'' may also suppose the 
?iCtualcompound vibrati('n~ tv-pit,■'Oi- M i- vcgularlty without 
any maleiial tlevi..*i<3n, hillo^ ing the sa.ne law as if the resist¬ 
ance were eilber iiicftnsiderable, or varied simply as the velocity’} 
and we may make (he proportion of the greatest to the least 
ai. ual vibration that of w-j- l to m — i ; then calling the periodi¬ 
ca time of the greater primilit^e vibration ( 5) ) fj. that of the 
lesser fo) being unity, and x being the arc corresponding to the 
tune in the latter, beginning with the perfect coincidence in the 
vertical Mne, the distance from that line at any subsequent 

ome will OB expressed by 5. r-fw, .S; vUicl the velocity by 

+ y r rt creating a resistance winch may be called 

which has already produced a displacement 

determinable as in the former proposition, whence we may 
obtain from the true place the place in which (he body would 
have been found if there had been no lesistance. In order to 
facilitate the computation, wc may assume particular values 
ofmandf, making the one 3, and the other and then 
determine the coefficients of the formula 

(rAr+2'9r5-,1*)®, so as to obtain as correct a coincidence as possi¬ 
ble of the magnitude and of the period of the joint vibrations 
at the time more immediately to be considered. Now it is 
easily shown, from the well knovvn properties of compound 
vibrations, as applied to the*intervals of successive spring and 
neap tides, that the interval between two of the greatest vibra¬ 
tions will be expressed very nearly 360®, and the inter¬ 
val between two of the smallest by 360®, provided that 

the periods differ but jittle from each other : and from these 
formulas we must determine the proportions of the coefficients 

a and 
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Determina¬ 
tion of the 
greatest ex¬ 
cursion. 


tf and c j for ^ must always be 1 +2*9*==9'41» in order that 
the equation may hold good for the greatest and least vibrations: 
consequently a+r=i5'8. We may first allow to o, in 
order to form with h a result similar to the true compound 
vibration, and the remainder 2'663 must again be distributed 
between a and c in such a proportion that the interval of the 
greatest vibrations may be ^4 360°, and m must be so determined 

for this purpose, that shall be equal to -1^, whence 

and for this part of a, 'n : c^l : a ; a4'C=l : 

and'< i=:^, 2 603=1'664, fl=4 80, and t=l, so that the 
velocity becomes 4 - 89 j:+ 9 ' 41 ? i for the interval of 

the least vibrations, 5 -^=and the whole is found 

• 'ff "S 

3'8V‘i'+P'41e5.f'^+2f;-2 and for a mean valueofthe coefficients, 
4-3ca’+9-419^.1!+1 -594107. 

If now we denote the ratio of the square of the time of the 
most frequent vibration @ to that of the square of the time of 
the spontaneous vibration of the pendulum (sss) by the ratio of 
n to 1, the corresponding displacement will be to the distance 

expressive of the force as to 1 , and the term 4 * 89 ^ will 


exhibit a displacement of rj : and in the other terms, sub- 

n— I 

1 *0^9t 

stituting, for «,(}[,’)*« ®od (j respectively, we have^~-~~ 

tnaUiptea; and 

the distance thus determined shows the place in winch the 
body would have been if there had been no resistance, which is 
before ffie true place when the multiplier is positive, and behind 
when it is negative ; the distance of this virtual place (bere- 

Ibrc becomes from 5^’+3 5^ I**", 5-r+35«^r+r«/-^^jr+— 

velocity 5 .t+ 29 ? 41 ®—m 


H«e it •• 

obvious that as n approaches to 1, to '9344 or to ‘871, the value 
of the* corresponding term increases without limit, and the 
period of the resistance may approach to that of the slower 
vibration, or may even exceed it, in very particular circum- 

stances: 



TBEOE¥ OF TIDES. 


i$*r 


stances: ancl If these periods were equals the effect would be the 
same as if the whole resistance were attached to the slower 
vibration^ which would obviously be such as is stated in the 
theorem. But for a more particular illustration^ we may take 
and r==^i_: the distance of the virtual place will then 
become S.r-\-sS —•48^a;--l’lG3 v and by 

substituting in this formula a number ef different values for 
a:, we find, wheua?=ii8»,—252®, and—623®, maxima 
amounting to 4.353, 4‘367, and 4*342 respectively j and, 
employing the other values of a antkc, a maximum of 2 055 
when .T=15 X360®—280®. Here it is obvious that the 

maximum for'the virtual place is anterior to the true maximum, 
the excursion 4'367 being considerably greater than 4*353, 
which is nearest to the true maximum j or, in other words, the 
true maximum happens a little after the perfect conjunction of 
the forces which occasion it, which if there were no resrtance, 
would coincide with the maximum of the excursions. 

Theorem K. 

The disturbing force of a distant attractive body, urging a Disturbancos 
particle of a fluid in the direction of the surface of a sphere, gravita* 
varies as the sine of twice the altitude of the body.— 

Nicholson's Journal, XX. 209. 

Theorem F. 

The inclination of the surface of a spheroid, slightly ellipti- Equilibrium of 
cal, to that of the inscribed sphere, varies as the sine of twice **** * 

the distance from the circle of contact j and a particle resting 
on any part of it without friction may be held in equilibrium 
by the attraction of a distant body.— Nicholson's Journal, 

XX. 209 . ^ 

Corrollary, Hence it may be calculated, neglecting the 
density of the sea, that the p^mitive solar side would be ‘ 6 O 7 , 
and the lunar 2*0166 feet, supposing the lunar disturbingibrc* 
to the solar as 5 to 2. 


Theobem G. 

The disturbiBg attraction of the thin shell, contained between Equilibrium of 

a spheroidical ^ *^Pberoi<I. 



158 


TdEORV OF TIDES. 


a spherotdfcal surface and its inscribed sphere^ varies in the 
same proportion as the inclination of the surface^ and is to the 
relative force of gravity^ depending on that inclination, as 3 
times the density of the shell to 5 limes that of the sphere.— 
See Nickalson'e Journal^ XX. 210 . 213. 

Tides. Corollary^ Hence the ellipticity must be to that which 

w'ould take place if the density n of the sphere were infinite, 

1 to 1"“-^ i or, in the case of «==5f, nearly as 8 to 9 , giving 

for the solar tide * 91 , and for the lunar 2‘263 : if n==5, the 
heights are'92 and 2 29 I respectively j if 71=1, 2*024 and 
5 042. 

Length of the Scholium. The direct attraction, determining the length of 
pendulum. Ijendulutn in different latitudes, may be calculated in a 

manner nearly similar.— See Nicholson’s Journal, XX, 273. 

Theorem H. 

Propagation When the horizontal surface of a liquid is elevated or depress- 
ef waves. ^ ^ given point, the effect will be propagated in the 

manner of a wave, with a velocity equal to that of a heavy 
body which has fallen through a space equal to half the depth 
of the fluid, the form of the wave remaining similar to that of 
the original elevation or depression.— See Lagrange, Mecanique 
Analitique j or Young's Natural Philosophy, II. 63. 

Scholium. In calculating this velocity, it would probably be 
more correct to diminish the multiplier about or as is 
found to be necessary for determining the velocity of the 
motions of fluids in most other cases. {See Philosophical 
Transactions, 1808.) 

Theorem I. 

Reflection of A. wave of a symmetrical form, with a depression equal and 
wttves, similar to its elevation, striking against a solid vertical obstacle, 

will^be reflected so as to cause a part of the surface, at the* 
distance of one*fourth of its breadth, to remain at rest; and if 
there be another opposite obstacle at twice that distance, there 
may be a perpetual vibration between tha surfaces, the middle 
point having no vertical motion. <—iSee Young's Natural 
Philosophy, 1, 289 , 777 . 


Thus 
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Thus the vibraiions of the water supposed to beTontained in 
a canal to the situation of the equator, and pO*’ in length, 
would be synchronous with the passage of a wave 1 SO in brt'adth, 
over any point of a canal of the same depth : and the eleva¬ 
tion and depression of a spheroid, compared witi) the mean 
height, exhibits a symmetrical wave in the sense of the propo¬ 
sition. 

(To le continued.) 


11 . 

An explanatory Statement of the Notions or Principles upon 
which the systematic Arrangement is founded, which was 
adopted as the Basis of an Essay on Chemical Nomenclature, 

By Professors, Berzelius. 

(Concluded from p. 131.) i 

A PORTION of the solution of the oxide in caustic kali. Oxides of 
was precipitated by alcohol, in order to obtain the com- 
itination, \f possible, in a state of purity. I dried the precipi¬ 
tate in a press between blotting paper, and then heated it to a 
red heat. Four grammes of the heated mass, (which, previous 
to exposure to the tire, did not contain any carbonic acid) were 
treated with the muriatic acid, which caused a strong effer¬ 
vescence to take place, and took up the kali, leaving the oxide 
untouched. I obtained 0'7 grammes of muriate of kali, and 
3 4 grammes of the oxide, which, consequently, had been 
combined with O 44 grammes of kali—that is to say, the oxide 
contained, in this combination, ten times as much oxigen as 
kali. But It is probable that this experiment cannot be relied 
upon with muah confidence. 

A solution of the caustic kali, much diluted with water, 
and digested with more of the oxide of tin at a maximum than 
it could dissolve, was evaportited to dryness, and treated with 
nitric acid. It yielded 193 2 parts of the red oxide of tin, and 
12 parts of potash. The first contained 42 j^rts of oxigen, 
and the latter 2 04'~lhat is to say, the oxide contained twenty 
times as much oxigen as the potash. But 1 repeat, that when • 
the .affinities of bodies are too weak, and the difficulty of at¬ 
taining 
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Oxides of tin. taining the just point of saturation considerably great, these 
sort of analytical experiments are not to be confided in. 

^ The following experiments, perhaps,deserve a little more con- 

fiilcnce, I prepared a saturated solution of the oxide of tin 
in caustic kali, which was precipitated by means of water of 
barytes. The precipitate was white, flaky, and very voluminous. 
I washed and dried it very quickly. A part, treated while 
still wet, with muriatic acid, was decomposed without effer¬ 
vescence j another part, diied and heated to a red heat, in a 
platina crucible, became of a fine lemon colour, and, when 
treated with muriatic acid, it produced a strong effervescence. 
Four grammes of this red mass produced three grs. of the 
oxide, and 079 grs. of barytes. The four grammes which 
are wanting, is carbonic acid, and corresponds almost exactly 
with the barytes. The oxide contains 65 4 parts of oxigeo, 
8'3 parts of barytes—that is to say, the first contains eight 
times as much as the latter. The mixture of the carbonate of 
barytes, and the oxide of tin, at red heat, preserved even in 
the highest temperature that I could give it, its yellow colour, 
probably because the carbonic acid prevents the action of the 
alkaline earth on the oxide, by means of which it would have 
been reduced to the intermediate degree; but, at the points 
where the mixture had been In contact with the carbon, it had 
become white. 

Lime-water precipitated the stnnnate of kali in the same 
manner as the water of barytes. The stannate of lime readily 
attracted the carbonic acid of the air ; it turned yellow at a 
cherry red heat, and soon became white, without the influence 
of any combustible body when it was exposed to a bright red 
beat. 

' The stannate of kali, used in order to precipitate the metallic 
solutions, produced the following results ; 

In the plumbic nitrate, it gave 'a white precipitate, which 
afforded a small quantity of water when at a red heat, and was 
changed (o a straw colour. 

* Jn‘the cobaltic muriate, it gave a blueish precipitate, which, 

when washed in boiling water, became red j and, by drying, 
cbarfges to a deep brown, and of a vitreous/racture. At a red 
beat it loses water^ and turns black, giving to paper the colour 

of 
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umber. At a very high temperature it becomes an azure Oxides of tin. 
blue, and when pulverized, does not lose its colour. 

Ill the nitrate of copper, it gave a greenish white piecipitate, 
which, after drying, had a vitreous fracture, and was of a satu¬ 
rated green colour. When at a red heat, it became black, and 
gave to paper a greenish umber colour. 

In the sulphate of manganese, this white precipitate turns 
brown when in contact with tlie air. 

In the ferreous sulphate, it gave a white precipitate which in 
contact with the air, assumed all the colours belonging to the 
oxides of iron, and terminates by becoming a vitreous mass, of 
a deep brown colour, from which the oxide of,iron cannot be 
extracted, except to a certain degree, by the muriatic acid. 

By dissolving impure liu in the nitro-muriatic acid, this same 
combination is obtained, which is precipitated during the eva¬ 
poration of the acid, iti the form of a blueish green powder, and 
which, after being exposed for some days to tile access of the 
air, assumes a dark rusty colour. 

the hydrargiic muriate, (corrosive sublimate) it gives a 
yellow precipitate, which, after some moments, becomes red— 
when well washed, it turned carnation, and, after being dried, 
it was of a brown colour, and appeared to be a triple combina- • 
tlon. 

In a solution of the muriate of ammonia, it gave a white 
precipitate, soluble by the addition cf a certain quantity of 
water—and this solution was easily precipitated by adding am¬ 
monia. The precipitate collected on the filtre is readily dis¬ 
solved in water, after the alkaline liquor has been drained otT. 

This solution, left in an open vessel, becomes, after a few days^ * 
less fluid, and nearly like a saturated solution of gum arabic, 
without losing any of its transparency, I attribute this to a 
commencement of deposition of the oxide. 

A solution of the oxide of tin in a diluted lixivium of caustic 
kali being left in a closed *phial, was decomposed by degrees, 
the oxide was precipitated, and the fluid remained likai a jelly. 

This jelly, on being shaken a little, became liquid, and the 
oxide passed through the flUre—if they are to be sepai^ted, it 
requires some days for the jelly to set again. « 

These experiments prove, that the oxide of tin, although it 
possesses some of the properties of ati acid, has uevertlieless so 
Voi.XXXV.—No. 163. U weak 
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Oxides ot tin. Weak au affinity to the saKne bases, that its combinations with 
them are decomposed by circumstances which do not seem to 
' have any influence on the other saline combinations. We have 

seen, that the staunate of manganese is decomposed by the 
access of air, and that the alkaline and earthy staonates are 
decomposed both by the air and by fire. 

I think, therefore, that, notwithstanding the great analogy 
which exists between the oxides of this, and those of anti** 
inony, they ought not, in preference, to be called acids, because 
their combinations, as saline bases, have a much longer duratimi 
than those in which they appear as an acid. But tin possessea 
the singular property of producing three salifiable oxides—that 
is, one degree of oxidation more than the nomenclature admits 
of. I take the liberty of giving the latter of tlfese three degrees 
of oxidation the termination eum with the name of the metal ; 
I therefore call them oxidum stannosum, oxidum stannieum, 
and oxidum staiineum. Their combinations with the acids 
I shall Cciil, for example, murias stannosus, murias stannicus, 
and murias stanneus. It is evident, that the nomenclature 
allows of their combinations with the saline bases, being called 
ktannates and stannites, without its being necessary to give th« 
, name of acid to ttiese oxides in their isolated stale. 

The Combinations of Tin with Sulphur. 

Various chemists have employed themselves in examining 
thesulphurets of tin, and their results have been frequently very 
different} the reason is, that tin requires, in order to unite 
with sulphur, a temperature sufficiently high to volatilize the 
greatest part of the sulphur before the combination takes place, 
and consequently there remains, at that moment, too small a 
quantity to saturate the metal. On analysing the imperfect 
combination, the results were, as may1>e supposed, very vari¬ 
able. It appeared, that the same thieg took place with the Shl- 
. phurets qf other ntetals. The celebrated Vauquelin has published 

a table of the composition ofsulphurets, which tooclearly prove* 
the trotj;^ of what 1 have said. 

1 have already mentioned, that I had prepared a saturated sul- 
phuret of tin, on r^melting the pulverized sulphuret, and care¬ 
fully mixing It with pulverized sulphur, itformed,onthisoccasion, 

first. 
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first; a su’phuret, which w'als decomposed at a temperature Oxides »f tin. 
anfficient to melt it, so that the melted mass consisted of a satu¬ 
rated sulphuret of tin*. 

The undermentioned experiment, in which the sulphuret of 
tin produced an almost equal quant^y of oxide of tin at a max¬ 
imum, proves that the relatioti between the oxides and tlie sul¬ 
phuret of this meia#, »s precisely the same as th.it which I 
found long ago with regard to lead—that is to say, the sul¬ 
phuret of tin must be composed as follows : 


Tin ... . 7Q () . lOO OtX) 

Sulphur . . ‘21*4 ..... 27 2J4 


Proust, in a very interesting memoir, has endeavoured to 
prove, that aurum muslvum is a combination of sulphur with 
the oxide of tin, but oxided to a degree which does not exist 
in any other ease, and he has adopted his conclusion from the 
circumstance, that this preparation, decomposed by fire in a 
closed vessel, produces sulphur, sulphuret of ^in, and sulphu¬ 
reous acid } and 1 myself have actually verified, that aurum 
musivum, prepared in the usual manner, always produces, on 
this occasion, a small quantity of sulphureous acid. 1 have 
very just reasons, however, to consider this sulphureous acid 
as the product of matters diflerent from the composition of * 
aurum musivum. 

Three grammes of sulphuret of tin, reduced to fine pow¬ 
der, and mixed with 1^ grammes of pure sulphur, were ex¬ 
posed to a cherry red heat iii^ little glass ball with a narrow 
neck, closed at the mouth by a piece of charcoal. The ball 
was half filled. When the excess of sulphur bad passed -^fF, 

I took It out of the fire. The three grammes now weiglied 
3‘33 grammes, and was converted into a greyish yellow mas.s, 
which, except the d»ep colour, had all the characters of aurum 
musivum, which, in conscrp-tence of the method of its prepa¬ 
ration, cannot contain oxigen, I considered it, at first, as in¬ 
complete aurum muslvunt, which, if heated more with sul- 

• 

* I tried, before 1 found this nirtbod, 'several otliers, wiiich aiiswerr-ci 
my purpose very mipert'et:ll>. Amongst others, I made an umaiaam of 
five parts of tin viiJh one pait of mercury, i then reduced them to 
powder, and rAixed them wslU sulphur. This mixture I exposed to the 
^rcin a glass ph'ral. The rombination was made iustautaoeoasiy, 
and broke the i>hial with an explosion. 

M 2 phur. 
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Oxides of tin. phur, would acquire the characters of the most perfect aurum 
musivum. On taking it oat of the ballj 1 mixed a fresh quan* 
' tity of pulverized sulphur, and heated it in the same ball again j 

but it received no addition of weight. On a repetition of the 
experiment, the result was the same. In these experiments 
100 p.of sulphuret of tin absorbed 11 p. of sulphur, in order 
to produce a species of aurum musivum, which nevertheles* 
diflcred from the common sort, in its colour being less brilliant, 
and more inclining,to groy. But these 11 p.of sulphurate, 
with a very slight diflercnce. Half as much as ihe sulphuret 
coniaiued before ; and wc have here an example of sulphura- 
licn, which contains as much sulphur as the preceding one. 
T do not yet know any other example of this mnlliplier (I 5 ) 
in the sulphurets. I made several vain attempts to combine this 
sulphuret with niorcsulphur by heat, and that pro\ed to me still 
more, that (he body I had obtained was a degree of the sul* 
phuret of tin, of which no mention has been made by che¬ 
mical anthors. Ihis degree of sulphuration is composed in th« 


following manner : 

Tin .... 7 I S . 100000 

Sulphur . . 2S 2 . 40 851 


• Aurum rnusivum, or mosaic gold. It is very difficult to say 
what circumstance most principally contributes to the forma¬ 
tion of the mosaic gold in (iie common manner of preparing it j 
and it is very diiHcu> 10 obtain a mosaic gold in this manner 
perfectly saturated with sulphur, ,and deprived of all foreign 
matters. We cannot consider any other aurum musivum as 
purCj except that whicii hn,s been sublimed in bright yellow 
crystals daring the 0[5eratioii ^ but cf this the quantity is usually 
very small. It we endeavour to sublime aurum musivum 
which has already been prepared, it is decomposed, and the sul¬ 
phur is obtained, and the usual sulphuret remains. A large piece 
of this aurum musivum was slowly decomposed in a glass re¬ 
tort by a model ate heat, which was nrot sufficiently strong to 
' melt it j find when the mass-was half decomposed, 1 took the 
rcrort from the fire. I found in the remaining mass three 
dilieientJayars. The first was porous, grey, and metallic—-it 
was the. usual sulphuret. The second, which was less porous, 
and of a greyish yellow, consisted of the intermediate sulphuret 
which I have described. This layer was very fine, and of not 

more 
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nfiore than half a line in thickness. The last lay^r contained Oxides of tin. 

the aurum musivum, which had undergone no change. This 

proves, that the aurum musivum, before it is reduced to the 

common sulphuret, passes through the intermediate degree; 

but, as this last layer is very fine, it is evident, that the differ- 

ence of temperature which it requires to produce these two 

inferior layers, is very trifling j and when the tire has been a 

little too strong, any traces of the intermediate layer are very 

seldom seen. 

The intermediate sulphuret of tin, digested with concentrated 
muriatic acid, produces sulphurated hydrogen, which, by de¬ 
grees, assumes a fine yellow, and becomes aurum musivum, 
which remains insoluble, and is obtained by filtering the liquor. 

1 'his decomposition takes place very slowly, but even after 
Bonie hours of digestion, the sulphurated hydrogen gas con¬ 
tinues to be disengaged, though still decreasing in quantity^ 

I have made several attempts to analyse the durum musivum, 
but I have not been able to procure this combination in a suffi¬ 
ciently pure slate, and perfectly separated from the intermediate 
sulphuret. A portion of the common aurum musivum, which 
did not contain cinnabar, a thing this preparation Is frequently 
adulterated with, in consequence of the mode in which it is • 
prepared, was decomposed by means of the nitro-rauriatic 
acid. This Uquid, precipitated with the muriate of barytes, 
produced three grammes of aurum musivum, 7463 grs. of sul¬ 
phate of barytes, ignited in theifire, which correspond with 1 03 
grs. of sulphur. Therefore it follows, that 100 paitsof tin 
had been combined with 62'3 parts of sulphur. This is not 
exactly double what the tin contains in the common sulphuiot, 
but the difference is not very considerable, and, with the con¬ 
firmation which the doctrineof multiple proportions has already 
gained, I think we may determine, with some degree of cer¬ 
tainty, that aurum musivum contains twice as much sulphur 
with the same quantity of ^uetal as the common sulphuret. 

It is very evident, tliat oxigen is not necessary to lh» consti- 
b tution of aurum musivium, because the latter Is produced by 
4 the action of muriatic acid on the intermediate sulphuret; on 
which occasion nfl ot|;er oxidation can be imagined, except that 
which produces a muriate of tin. 

As to the oomenclature of these three degrees of sulphurets, 

it 
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Oxides of «in. it is very plaip^ that which I have proposed is insufficient j and 
it is necessary to suppose a more correct principle^ or one th^t 
' is capable of being carried to a greater extent. I have reaspn 

to suppose, that all bodies fuay be combined to a certain num> 
ber of multiples, which are the same for all. For examplfii 
all combustibles are capable of an equal number of degrees 
of oxidation, as well as of sulpburatton. In this case, the 
best principle for the nomenclature of sulpbuiets would be the 
addition of the number of the multiple proportion in which 
the sulphur is combined with the metal, as, for example, dtaul- 
pliureturo, trisulphuretum, fkc. It is yet too early to apply 
this principle to sulphurets, because we are still ignorant where 
ye should commence our account. Nevertheless, by taking 
the common sulphuret of a metal, that is to'^ say, the highest 
degree of sulphuraiion which, in a closed vessel, may be heated 
to a red heat, without beiiig decomposed. Taking this, I rep.eat, 
as an artificial point from whence we may begin to count, we 
shall hgve for the names of these three snlphurets of tin, (a) 
suipburetum, (I') sesquisulphuretum, and (f) disulphuretucn 
stanni. Although it may be offered as an objection, that the 
second of these denominations involves ap fncoirect no- 
r lion. With respect to the atomistic theory, 1 must observe, 
that po theory has been assumed as the basis of luy experi- 
inent.s on determinate proportions; but nevertheless it appears, 
that the result of all my experiments on this object will con¬ 
firm such a theory. It will be th^ time 1o amend this pretended 
incorrectness in the nomenclature-when the theory illustrated by 
ulterior experiments shal) have proved to us whiefi of these 
ctirabiuations may be coipposed of an equal number of atoms 
of the two constituents, and which consequently ought to be 
the first. Until this is decided, 1 think that the name sequi- 
^ulphutetum will be sufficient for our purpose as a denonaina* 
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III. 


Observations respecting the Figure qf a drowned Man formed in 
the Ice of the Pond in Halnaker Park, and upon the Explana^ 
tions which have been offered of that singular Phenomenon. 
In a Latter from Sir Groiigb Cayley* Bart. 

To Mr, ‘Nicholson. 


SIR* 


Brompton, May 2g, 1813. 


I N No. 159 of the Chemical Journal* I observe an ingenious Whrtlirr the 
paper of your’s respecting the singular phenomenon of the 
figure of a d:o^ned person being exhibited in the ice above iiccoiiutcd for. 
him. I bare read with attention the very ingenious explana- 
iiation you hav9 given of this fact} and it may, perhaps* be the 
true mode of accounting for it j but I am nQt perfectly satis¬ 
fied with your theory, and wish to draw your attention to ano¬ 
ther cause that may have operated in producing this appearance* 
and which I think worthy of investigation by a simple experi¬ 
ment in the same pond next winter* through the medium of 
any gentleman residing near it. 

You must frequently have observed, that in muddy ponds Carbnrctted 
a great quantity of gas (carburetted hydrogen) rises in bubbles hydrogen 
from the bottom* and that* although this effect is produced 
with greater rapidity in summer than in winter* yet that poud 
ice is very frequently quite t'ull of bubbles and blisters from 
this source, some of which are very minute, and others form¬ 
ing large fiat circles resembling smooth shillings or half ciowns 
within the ice at different depths, according to tlie thickness 
it possessed when the bubble ascended. 

Water parts with the small portion of air it held in solution tIio largebub- 
during freezing, and thus a number of minute bubbles are bles in iccsiip* 
found in almost all ice; |»ut the copious supply of bubbles I tlTe^^bo^ 
allude to, certainly arise from the bottom, as the portion of tom* 
water congealed at the surface is not sufficiently large to pro¬ 
duce theqa. If* under these circumstances* any convex body 
rested lightly ujpon the mud* as that of the drownetl person ^ 
alluded to* all the pond would become affected with the bub- ana liable to 
feles, excepting that portion of it immediately above the body* be intercepted 

* ' where 
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Iby any siib* where they would be intercepted by it, and obliged to pass 
tlu.”e*^ * Hence obliquely under it on every side, till they could rise with peifect 
thc,ihcoiy of perpendicularity, and thus in the act of freezing, give an acru- 
tlie figure. mulated whiteness to a perfectly distinct outline of the figure 
in the ice, as appears to have been the case in t^tis itfstance. 
The ice forming within this ouiline would not be agitated, and 
therefore would be clear, hard, and slipperj, according to the 
reasons you have given, and thp test of universal experience, 
whereas the whole remaining ice would be full of white bub¬ 
bles, and the confused crystallization would include the in>pu-» 
rities of the water. The chief objection to this theory is, that 
the figure of the bat should have been formed, as w'ell as that 
of the body ; but if the delineation be correct, it appears to 
rae, that the whole length ot the figure vf^jth the hat on is 
given j and that the liead, resting on the back of the hat, has 
formed the thick appearance represented, aided, perhaps, by 

Objections 1^0 The objections that occur to 

the Editor’s rnc respecting your theoiy, are—first, that there was scarcely 

theory of pn- fQj. putrefaction to have commenced so as to have generated 
tretactioii in , « i i i 

body, inc. heat. Secondly, that if such hot streams had risen, they 

would probably have spread on all^sides under the ice, leaving 
no abrupt outline, much less an accumulated one. And 
thirdly, that if heat confined to this space had been the cause, 
the ice must have been thinner over the body than in other 
parts of the pond, which was not the case.* On the supposition 
of bubbles from the bottom being the cause of the phenome¬ 
non, the precision of the figure is'^satisfactorily accounted for, 
excepting the alleged want of the hat, which, if it be not a 
mistake, militates equally against the other theory, as no good 
reason can be given why the wet hat should be a worse con¬ 
ductor of heat, than the rest of the wet clothing, particularly 
where consisting of many folds. The plate expresses a greater 
bieadth of outline at those places whe-c the figure is the thick¬ 
est, and this w'ould be a necessary consequence of bubbles, as 
their accumulation at any point must correspond with the mag¬ 
nitude of sui face at the bottom, intersected by that particular 
part of the figure. Upon the whole, therefore, I am inc inec) 
to think; that this curious fact is more likely to have been 
caused by bubbles than by heat, although if it could be clearly 
fuade out that thete was no farther representation of the head 

than 
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than to the face, this theory must be given up j unless, indeed, 
the top of the head had been forced under the mud, which is 
not very probable. 

I think it very possible that this ice ghost may be put to rest. Proposed ex* 
if any person wil^place a convex piece of wood, weighted to 
be rather heavier than water, at the bottom of the same pond of wood -at the 
next winter, when, perhaps, its figure may become painted on boitojii ot the 
the ice in a similar manner to that of the unfortunate person ^ 
drowned there. 

The fact of the thin covering of snow having been dissolved absence 
upon the clear ice, and retained upon the rough, may possibly ”he 

be owing to the different conducting powers of ice in these fimncdeduccd 
two states. I have frequently observed, that hoar frost couti-of^coii- 
nues longer over hv^'^ow drains than in other places, wiiich 1 ducting pow« 
conceive to be owing to the communication of heat from the 
body of the earth being intercepted by the confined air. The 
bubbles, extraneous matters, and confused crystals, of the 
rough ice, may be less capable of conducting caloric, than the 
compact clear ice j hence, w'hen the temperature of the air 
was below the freezing point many degrees, the snow upon the 
clear ice might be raised nearer to iho temperature of 32, or 
that of the wafer below, ibau that upon the rough ice, where 
the water Ifora below had less infiiu-nce. Under these cir¬ 


cumstances, the sunshine, or other transient warmth, may have 
created a temporary thaw, which has been sufficient to melt 
that thin portion of snow already but little above the freezing 
point, whereas it might not be aJe, during the same interval of 
time, to raise the other poition of snow from a low tempera¬ 
ture up to the freezing point, and fo.dis'.olve it also. I must 
acknowledge, that it requires fi very nice acljastmcnt of all 
these circumstances to have prodi.ced the effect described, and 
therefore that less confidence can he placed in this thcoi y of the 
fact 5 but whatever be the tpe account, it seems probable shat 
some unusual combination o^circumstances must have taken 
place; and therefore it becomes more justifiable to point outone 
at least of the possible combinations capable of producing the 
event. 


^ I remain. Sir, • 

Your obliged and obedient Servant, 

GEORGE CAYLEV, 

P 


P. s. 
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The theory P. S.—Since the above was written, T have seen the curious 
dfSilTfrom* of Mr. Harvey, and likewise the very extraordi- 

the remarka- nary fact of trees being discovered under the Irish bogs by a 
Umber^ *hdn* delineation upon the surface of the ice above 

dolinrati d ° them, as staled by Dr. Chichester. This fact^ as it seems to 
upon icc. occur frequently, deserves to be fully investigated by competent 
persons. Had these trees only been at the bottom of the 
water, and not within the bog, I should have ascribed their ap¬ 
pearance on the ice either to a generation of bubbles from the 
tree, rising to the surface in the shape of the branches, or by 
their having intercepted the bubbles rifiing from the bottom of 
the bog, when they generated no bubbles j tbns varying the 
conducting power of the ice, and affecting its attractive influ¬ 
ence towards the deposition of the hoar iOi^ost. But 1 suspect 
from this fact that there is something more extraordinary in 
these ice figures than the ascending streams of heated w'ater, 
olcagenous particles, or bubbles, will account for. 


IV. 

Description of a Machine for reapings used anciently ly the 

Gauls^. 

Great advan- fTI^HAT nothing should be neglected which relates to the 
tagestobedc* JL arts, but that all the known processes ought to be de» 

extend^cd pn^ scribed with care and precisiop, has been incessantly repeated, 
licationotuse. M. Lenormand, Professor of Natural Philosophy and Cherais- 
M macbini-s, author of various memoires, expressed his persua¬ 

sion, that the arts would have made a more rapid progress if a 
collection had been long ago made to form a work containing 
nil the inventions which have been known. In such a general 
repertory, where every one could refer to that which might 
be most useful to his pursuits, be thinks the most inferior ma¬ 
chine, or the most indifferent pro<r iSSe- might give birth to some 
valuable conclusions in the minds of such ingenious individuals, 
as are endowed by nature with the talent of inventing, or of 
bringing to perfection, discoveries already made. Impressed 
with this conviction, he has thought it incumbent on hiip not 
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to overlook the de<:criptlon of an ingenious machine, known to 
very few persons, and which we are persuaded few learned 
men have remaiked. 

** Within these few days,” says M. Lenormand, ''one ofPasRRpein P. 
my friends, who is much employed in reading the ancient an- Han,,,' 
tbors, was sirnck with a passage of Palladins Rutilius fPavrus srrihing an 
^milianus/xn which he describes a machine used niachine' 

the Gauls for reaping their fields. Tite consiruction of this of the Gauls, 
machine considerably embarrassed my friend, who was not 
well acquainted with mechanics. Knowing that I occasion¬ 
ally made them my study, he brought me that author, and re¬ 
quested me to explain, as well as 1 was able, the detail which 
he gave. He farther wished me to make a drawing of this 
inachiiie if I succet J^d in clearly understanding it. 

" I think I have understood the meaning of the author, and Drawing and 

have cliawn the machine according to his description ; and I '•'^idanatiou 
, , , ... . . ° „ . . * , titvdoped. 

think the publication of it may be of use m assisting the pro¬ 
gress of the arts. 

It is well known, that the precise epocha at which «ur 
author wrote, cannot be determined. It is ascertained, that diis author 
he lived before Cassiodorivs—that is to say, before the year 514 ''‘®*** 
of the vulgar era, after the decay of letters in Rome. Palla- 
dius was still living in the fiflli century, and the reader will be 
not a little surprised to find at this cpocha, which is termed by 
the moderns the (jarhqTous ages, that the arts had arrived at 
such perfection, and the description of this machine given by 
our author with such correctnes| and precision. 

" I do not pretend to say here, that tliis machine was perfect, -yijp marhtnr, 
Much is wanting—but though its construction shews many im though not 
perfections, we ought not iheitess to conclude, that even at that 
period, men w'ere already occupied with the improvement of vanerd state 
the arts, for this machine was undoubtedly not the only one in 
use. , 

" The following is a literal translation of that passage of the passage. 

i^fhoi^. ^ trausliitcd, 

* Pars Galliai'um planior hoc rompendio utitnr nd metenditm, ct 
prseter lioniiimni labgi’e.s, uuiiis Lovis opera spatium totius uirsfis ab- 
snmit. Fit itaque veiiicnlum, qnod diiabus noils biwibus feilui t 
bnjos qnadrata superficies tabnlis monilui, quas forin'iecus reives in 

* T» 
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Heaping cai'- ** * In that part of Gaul where there are plaiQS> the inbabl* 

'* ^‘®apjng, which greatly eCtmomises the 

Ute plain coon- labour of men, and by which a single ox can get in all the hai - 
• try, d^iibed. vest. For this purpose, they make use o|' a machine drawn 
upon two small wheels, the square surface of which is furnished 
■with planks inclining outward, in such a manner that they render 
the upper part ranch larger than the lower. The plank in 
front is not so high us the others. On this board are placed in 
one row', a number of teeth, the distance of which is regulated 
by the siae of the car, and of which the upper extremities are 
recurved. 

** * At the back of this car are two short pieces of w'ood like 
. the poles of a litter. An ox is there harnessed with his head 

turned towards the car, snfTicieiitly bicken isi to obey the 
dnver. 

Method of ** * As soon as ihu btlrr dii eel*, the carriage amongst the corn, 
reaping. t-.iMr.gled between the teeth, and are collected 

intbeiecoptaclo. beoig sep arated from the straw, which remains 
upon the held. Ihe driver who follows the ox regulates the de¬ 
gree of elevation of the machine according to the height of the 
wheat. In this manner, in a few hours, by going and returning 
a few times, the harvest is soon finished. This method cannot 
be used biU in level countries, and where the straw is not 
wanted.’ ” 

The explanation of the drawing I have made, according tb 

sunmio reiidiiut spntia iargior.?. ejus frontc carpenti brevior i^t 
^ altitudo tabidaium. ll»i dt'iuicnli jtbinini, ac ran ad spirarum meitsti* 
ram, ooitstitiniRtiir in ordiiK'ai, ad supciiuirm parU-ni recurvi. A tergo 
vero ejusdem veliiculi «}«o brevissuni* tciaones tigurautur velut ainites 
bnsternarum. Ibl bos cupito tn vehi'rulinn vorso, jugo aptatar et vin- 
C'lilis, niansuetus sani', 4pii non niodum compiitsDris exedat. Hie utd 
vohifiiilum per messes: csepit impelicrc, oianis spica in carpentiim den« 
tirulis comprehensa cinnulucor, abrnptis ac r^iclts paleis, altitudinem 
ve! humilitaiein pleniniqne bubnleo tnodi'i'ante,qiii seqiiitnr, ctitap^j* 
pai)co.H ac reditns, bn^vi horurnm s'p^tio rota tnessis impletnr. Hoc 
can)pcy;ribus locis, vd tequatitMis utde cst, et iis quibos ne«e»aTia 
paieaTKin kabciur. Lib. 7^ tit. 2 paq, SVl, edit Xiu^durti, arwo 1535. 
Paq. I‘id, edit Jiipmiti, tinno 1687. 

* The shafts rannot be so sliort as the authorsa^,5fe0Mifi»i/e> 
men, *. *Thej ought to exceed the length of the o#, in ord» that the 
driver, who is beluud, may mbv^ them withoi^t trouble or Iktigue to 
the ituiu> ,b 
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thia descrlptloo, will giro a perfccl; notion of Ibis aiachlne, 
in which 1 bavo only Blade some veiy slight alterations which 
1 thought necessary. 


Description of the Design^ Fig, 5* Plate IV, 

% 

Fig. 1. A. B. a box in the shape of a kneading trough, Rcferenre to 
mounted obliquely on the frame of the cainage, so that the *^”***^^ 
driver may incline it more or less by means of the assiist- 
ance of the two long poles CD, and EF.—G. H. shafts of 
the cariiage to which the ox is harnessed by the straps; 1. M. 
is the board in the front of the box, which is not so high as 
the others, and upon th« edge of which are a row of iron points 
curved inward, and sufficiently close, so that when the straw is 
engaged between them, and the machino advances forvrard, 
the ears cannot clear themselves, but are separated from the 
straw by the eflut t the ox makes to advance. 

It appears, that in those times this machine was used, the Conclusioa. 
straw was left on the ground in order to enrich it, and 
was bui ied in the earth by repealed ploughing. If this ma¬ 
chine were again brought into use, after the corn was removed, 
might not the straw bd removed in the same manner as grass 
is done ? If this were the only disadvantage that presented it¬ 
self*, it might soon be obviated ; but I think much corn would 
be lost, aud in this point of view,^ this machine, so far from 
being economical, would be prejud^'ial in agriculture. It re¬ 
quires to be considerably improved ; but this is not my present 
object: I have proposed merely to give a desCiiptiou of it. 


* It IS probable tbu igachiue was invented to cany off tUe gAui 
II liastC; on tlte fear of invasion from au enemy. ^ 
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2971 

29*51 
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29 * 65 ! 

29*65 


29*95 
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2951 

2936 

2936 

2961 

29*63 


29 72 

2979 

29*791 
2986 
29 * 9 * 
29 ‘B 7 
29 70\ 
2970 

29*73 

29 ‘ 90 | 

2973 

29 ' 64 
29*64 

2947 

29701 
2972! 
29 82 
29 8O; 

2984 ' 

2959 
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29*69 


30*045 
29 830 
29 610 
29435 

29*485 

*..;9-630 

29*640 
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Max. I Min,I Med. 
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2973 
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29*87 
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29*69 
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29*57 
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29*39 
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29*78 
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43 

39 
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49 
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52*0 
53 5 
58*0 
58*0 
56*5 
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58*5 

62*0 

58*0 
600 
6 l ’3 
61 5 
60 0 
56*0 
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The oWrvations in each line of the table apply to a period of 
hvainnine at 9 A. M. Bay indicated m the hrst column. A dash denotes, that 

tiSxwHt ii inclttd^n th« next following obsejnration. 
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REMARKS. 

Fourth Month, 24. Heavy cumulostralus clouds through 
the day. 25. Rain« nearly the whole day. 26. The maximum 
of temperature^ at 9 a. m. cloudy : clear at evening, with cirri, 
27 • A wet day. 28. Wet morning: cloudy. 29 . 30. Cloudy: 
much wind. 

Fi/ih Month. 1 . The maximum of temperature, at 9 a, m. 
wet. 2 . Cloudy a. m. In the afternoon the sky cleared pretty 
suddenly, save that some dense cumutus clouds remained in the 
N. £. to the summit of one of which a cirrostratus was ob¬ 
served for a considerable time adhering, which was at length 
incorporated \^ith the larger cloud. The moon appeared with 
a pale, golden crescent, the remainder of the disk being pretty 
conspicuous. 3. Dense cumulus clouds to the S. with cirrus 
and cirracumulus intermixed (as before thunder.) A shower 
of large drops about funset. 4. Overcast sky, a> m. About 
6 p. m. (after some previous dripping) a thunder storm, the 
weight of which fell to the £. of us. A most brilliant rainbow, 
together with a complementary one, was exhibited for about 
40 min. The space included within the proper bow was very 
perceptibly lighter, and that without it, extending to the com¬ 
plementary arch, as much darker than the rest of the cloud. 
A nightingale sang with spirit in the midst of the shower. 
6 . a. m. much dew : p. m. a large nimbus in the N. Cirrostra- 
tus in the E. and cirrus above, stretching from E. to W. The 
large cloud moved away by W. into the S. A thunder storm 
ensued in that direction, though nearly out of hearing, and 
lasted till midnight ; after which we had a sudden heavy 
shower. 7 . a. m. cloudy : p. m. (after a shower) clearer, but 
with indications of more rain. An appearance of much 
electrical action in the clouds far to .he S.^nd S. W. 9 , A few 
drops of rain a. m. various modihclitions of cloud appeared this 
day. 10. Nimbi } dripping afternoon : rainbow: fine even¬ 
ing. 13. Cloudy, windy. 14. Much wind. 15. The same : 
calm night. 16 . 17 . 18. MucHt wind: showers. 

t 

RESULTS. 

f 

WindsVariablc*. 

Barometer : greatest beigl^, 30'14 in.; least 29*36 in. 

Moan of the period ‘.i9'678 inches. 

Thermometer: greatest height 74° ; least *30°; 

Mean of the period, 54*79*^. 

Evaporation (the gaage being now placed on the groond) 1*67 to. 

Kain 3*72 in. . , 

A guage placed against the north wall of the honse, at about seven 
feet elevation, gave, for the evaporation iki the some time, only 1*16 

inches. ' _ 

Jj. HOWARD. 

Ttm’EHHAW, 

Sixth Month, 9, 18i3. 
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Notice ^ a Prize offered ly the Medical Sodety of E£n^rgk, 
for the lest Essay on the Question, ** Whether Azote le ab~ 
sorled during Res^ttration” 


SIR, 


Edinlurgk, 7th May^ 1813. 


Y OU will confer an obligation on the Medical Society of 
Edinburgh, by inserting in your valuable publication the 
following paragraph : 

The Royal Medical Society of Edinburgh propose, as the 
subject of the prize essay for the year 1815, the follewing 
question : 

Is azote gas absorbed in the lungs during respiration ? If 
it is not, whence do herbivorous animals derive their azote I” 

A set of books, or a medal of Bve guineas value, shall be 
given to the author of the best dissertations on an experimental 
investigation of the subject proposed, for which all the mem¬ 
bers honorary, extraordinary, and ordinary, are alone invited 
as candidates. 

The dissertations are to be written in English, French, or 
Latin, and to be delivered to the secretary, on or before the 
1st of December of'^the succeeding year, to that in which the 
subjects are proposed. An<^ the adjudication of the prize shall 
take place in the last week of February following. 

To each dissertation, shall be prefixed a motto, and this 
motto is to be written on tl$e outside of a sealed packet, con¬ 
taining the name, and address of the author. No dissertation 
shall be received with the author's' name affixed, and all dis¬ 
sertations, except the saccessfuLone, will be returned, if de¬ 
sired/ with the sealed packet unopened. 

, » - I am. Sir, 

Your most obedient Servant, 

„ , N. BAIN, Secretary. 

To fFUHam Nkholsm, Esq. • 

JAndon, 

v. 

■i . 


Letiep 
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Letter from a Correspondent respecting an Erf or in Mr» IPbod* 
house's Elementary Treatise on Astronomy. 

To iV/r. Nicholson t 




Mareh24th, 1813. 


T he Elementary Treatise on Astronomy published last year 
by Mr. W.j'idhouse, ot Caius College, in the University 
of Cambridge, is, I make no doubt, in the bands of most of 
your astronomical readers: permit me to offery through the 
medium of your Journal, a tew observations on the method the 
learned author has (here adopted for adjusting si siderial clocfe 
to 0^ 0' (i'.\ 

Having determined, by means of the differential series, 

y=a-t-dxHhd®‘x*(x —l) +> the time when the sun entered 

2 

the equator, which in the example selected, is March 30th, IS**. 
lU. 23^'. for meridian ofCambiidgC} he concludes, that at 
that time the first point of aries was on the meridian. Now, 
Sir, if the first point of aries was on the meridian, it is manifest 
that the sun, W'hich is on the 1st point of aries, is also on the 
meridian, that is to say, at 18“. lU. 23'^ mean solar time, a 
phenomenon which I believe rto astronomer has ever yet wit* 
nessed. The error into which the learned and ingenious 
author has fallen, might possyaly perplex some of the younger 
persons for whom the treatise is destined, and therefore I have 
chosen to point it out through the medium of your valuable 
publication. ^ 

I am, l^r. 

Your constant rq^der, ^ 

0. T. 
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X>efeRt oF rar 

ly tbib i(3. 


Ebbing and 
flowing 
springs srl- 
dotn occur in 
nature. 


Observations on the ebbing and flowing Well at Gigglesu/icht in 
the West Riding of Yorkshire, with a Theory of reciprocating 
Fountains. By Mr.Joan Govovl*, 

’ HEN a theory happens to be formed from the compa- 

V V risen of a few facts only, future observations frequently 
perplex it with difficulties sghich are not easily surmounted. 
It is not necessary to seek for examples to corroborate the pre¬ 
ceding assertion ; for, in all probability, roust philosophers will 
be able to establish the truth of it. by incidents which are pre¬ 
served in the private histories of their own speculations. In 
my opinion, however, the writers on hydraulics furnish a strik¬ 
ing instance of the fact in the machinery, which they commonly 
employ for the purpose of explaining the causes of recipro¬ 
cating fountains, or of ebbing and flowing wells, as they are 
called in vulgar language. 

Springs of this description may be reckoned amongst the 
rare productions of nature; the infrequency of which leads me 
to conclude, that but few thinking men have had an opportu¬ 
nity of observing a number of them with attention, and of com¬ 
paring their operations ; for it is certain, that by far the greatest 
part of the world knows nothing of the subject, except by re¬ 
port. This want of ocular information, in all probability, has 
obliged speculative writers to rest content with the few facts 
^hich are to be found in books } and I am only acquainted with 
the following narratives which can be said to throw any light 
on the curious propenies of recij^rocating fountains. The first 
that I shall mention,came from the pen of the younger Pliny, 
who flourished as a statesman andia man of letters, in the time 
of Trajan. The account may be found in the concluding letter 
of the fourth book of bis epistles; and the following is an at¬ 
tempt to give it in my own language^ as I have no translation 
of the work in ray possession. 

Plikt to Licinius. 

de- I going to present you with a description of a natural 

senbrdby cuTto%ky in the neighbourhood of my country house, in hopes 
younger Pf - ^ ^ interesting speculation to a person of your 

Hinnehester Soc. Mem. IJL- -New Series, S6i. 


Two unrra- 
eivcR which 
throw li^ht on 
the subject. 


e&tra- 
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•straofdinarjr attainments. A spring rises on the side of a 
tnpuntain, and runs along a rocky chanm l loio .m artificial 
basin placed in asomnaer house, where it i»|..r ^ome n-ne de- 
tained, and then falls into the Larian Lake. Xhih tounia)!i pos¬ 
sesses a surprising property, for it Hows and ebbs Uinrs i tlay, 
observing a stated Jaw of increase and decrease TJiis x'rt’fil.ir 
circumstance may be observed with ease, and is calculated to 
amuse the spectator. You may sit in the apartment, make a 
slight repast, and drink ot thewatfir of the tr»untain, which is 
deliciously cool. In the mean time, the reciprocating motion (t rrripro- 
of the spring proceeds equally, and in a manner which is easii} slowly 
ascertained by placing a ring, or any other small object upon a fall.** **** 
dry part of the basin. The water will rise gradually to the 
mark, and aftcrwaids cover it. The fountain will at leiigtli sub¬ 
side, so as to leave tfie object dry, and will be afterwards seen 
to retire slowly. If you prolong your stay, these alternate mo¬ 
tions will be repeated two or three times. Is ihi^ singular apt 
pearance occasioned by air acting upon the outlet of the foun¬ 
tain, so as to obstruct the current when it enters by the mouth rodjcctnrcs, 
of this channel, and after its escape, to allow the water to issue "■'•‘y he 
more freely ? We know this to be the case with bottles, and HtrH*choi»^ot'** 
all kind of vessels which have narrow necks—for when they “‘‘‘j 
are placed in a position proper ibr discharging their contents, 
the lesistanceofthe air makes them guggle, and the liquor issues 
from them in an interrupted stream. Or does this fountain par- or by a tide* 
take of the nature of the ocean? Is its current retarded at 
one time, and accelerated at another, by the causes wbich give 
rise to the dux and reflux of thf sea ? Rivers, we know, are 
driven back, when they fall into the sea against the wind and 
tide. May not some cause, in like manner, periodically ob¬ 
struct the discharge of this fountain ? Or, are we to suppose, or by roser- 
that the subterranean veins of the fountain have a certain cap.!- voii*ii tiilint; 
city i and that while they are recruiting their exhausted stores, cnipt>iu|, 
the stream is small and languid; but becomes stronger 
and more abundant, when diese reservoirs are replenished ? Or 
is there a secret and unknown contrivance of a slop acting on 
the principle of a balance j which accelerates the efflux of 
the fountain while it empties itself, and diminiabes the current 
while it is fillingf’ 

The .two last suppositions are obscurely expressed in tbe Hypothesis of 

N2 , original 5 • 
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a rocking original j the latter of them, however, seems to have suggested 
the hypothesis of a rocking stone ; which, acting on the prin¬ 
ciple of a valve, alternately opens and shuts the outlet of the 
spring ; and my translation is made to favour this conjecture. 
The eider Pliny also mentions the same fountain, and ascribes 
Vaiiaiioo in to it a very remarkable and unaccountable difference j for he 
nJVdescrip- flows regularly in the space of an hour, 

lion. Hist. Nat. Lib. 11. Cap. citi. We are surprised to find the 

uncle and nephew, both intelligent and observing men, vary 
so widely in the statement of an obvious fact. Their disagree¬ 
ment, however, does not contradict the regularity of the 
sprii^g’s operations, which is a consideration of importance in 
the natural history of reciprocating fountains. As for the ques¬ 
tion of accuracy, it has been decided in llyp, uncle’s favour by 
Catanaeus, the learned commentator on the epistles of the ne¬ 
phew ; who says, the fountain continued to reciprocate in his 
time, that the neighbours called it Pliny’s well, and that it an¬ 
swered to the description given of it by the cider writer of that 
name. After all, future observations may prove both these 
'A ct VI* Hiliir authors to be in the right. Perhaps it will be found, that wet 
weather accelerates the reciprocations of the spring, by in- 
creasing its discharges ; while a dry season diminishes the 
efflux of water, and makes the fountain more dilatory in its 
operations. The preceding conjecture is countenanced by the 
reciprocating spring at Giggleswick j for it ebbs and flows 
most frequently after copious rains j but the depth of the well 
shews the greatest variations when the efflux is but small. 
Another reci- The elder Pliny also takes flbtice of another reciprocrating 
sprhign^Do- gives the following short character of it with his 

dutt.i. usual brevity. The fountain of Jupiter, in Dodona, ex¬ 

tinguishes lighted tapers like any other cold water ,■ but if a 
taper be first extinguished, and then brought to the surface 
of the well, it takes fire again. , This fountain is called 
ANAllATMEKOi; that is, the Loi/erer, because it is empty 
at noon ; but beginning to increase after mid-day, it overfloxvs 
in the middle of the night, and then subsides again gradually.” 
Kist. Nat. lib. H, cap. ciii. 

Strong fenn- A Jthird extraordinary fountain of this kind is mentioned 
tain in by various modern authors. It is said to be in Paderborn, a 
^ district of Westphalia, and to go by the native of Bolder-born, or 

t he 
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the boisterous brook. This is an appellation which it 
deserves; for after flowing twenty-four hours, it ceases for 
six hours ; at the end of which period it returns with a 
great noise, and force sufficient to turn three mills, situated 
near its visible source. The operations of this fountain are 
diiferently described in the Philosophical Transactions, where 
it is said to lose itself twice in twenty-four hours; coming always 
aftersix hours back again. Lowthorp’s Abridgment Vol. II. p.30d. 
ment, Vol. II. Page 305. 

The prevailing opinion, respecting the nature of reciprocating 

fountains appears tobederived from the three preceding instances; 

at least 1 am not acquainted with any other topographical account, Ooncral 
... . .. . / tiuorvofa 

which can be said to .avour the notion on rational, or even on pro- uke 

bable principles. This^heory may be found in many popular w'orks ni iht* enp 

on natural philosophy ; and it is easily explained by the bydrau- 
lie machine called Tantalus’s cup. This instrunvent consi.sts 
of a vessel furnished with a siphon, which may be attached 
to it in different ways. To avoid the ficcessity of a diagram, 
we will suppose the bottom of the vessel to be perforated, nitussocaireil, 
and the longer leg of the siphon to pass through the hole, 
being firmly cemented in a position, which places the highest 
point of the bend within the vessel, and half an inch or an 
inch below the brim, and at the same time keeps the open or 
lower end of the shorter leg at a small distance from the cup’s 
bottom. Water flows through a tube in an uniform stream 
into the cop ; where it is collected for want of egress, and en¬ 
tering the siphon at the open end of the shorter leg, it rises 
gradually to the bend or highe.^ point. The subsequent rise 
of the water in the cup, forces the column in the ascending 
leg of the siphon, to pass over« into the descending or longer 
branch ; upon which this instrument begins to act, not in 
the manner of a simple tube, but in its proper character. 

Now the draft of the siphqj;) is made to exceed the opposite 
stream or supply of water; yi consequence of which contri • 

^vance the cup is emptied again sooner or later ; at this moment 
the action of the siphon is suspended, until the cup is replenished 
by the constant current. In this manner the water will be seen 
rising and falling alternately In the cup, which will be f^l^and 
empty, or nearly so, by turns. Similar vicissitudes will also 
take place in the siphon; for it will run so long as its shorter 

• leg 
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leg ig In the water, and then atop, until the highest point of 
the hand is again covered by the contents of the cup. 

Application of Tlie transition is easily made from Tantalus’s cup to a foun- 
tlie c*np to ex- which reciprocates periodically j for we have orily to 
l»Iain tiic suppose a secret reservoir to be formed in the bowels of a 
riTble"spriiij^' ^o*^*^*®*” on the principles of this instrument, and the following 
appearances will take place in the visible well, w^iich receives 
the water from the natural siphon. 1st. So soon as the surface 
of the pool in ihe subterranean reservoir, rises above the bend of 
the &i;>hon. this canal will begin to act ; and its discharge will ba 
greater at that moment than at any other period ; because the 
povver ot a siphon is greatest, when the distance, betw'ixt the 
bend and the aurta''e of die water in the basin, is least. 2d. 

ff 

This abundant influx into the external well will make it rise ; 
in consequence of wh eh the efflux will continue to increase at 
ths; oDilet, so long as the water continues to accumulate in the 
viMibie basin. 3d. Now the discharge from the outlet, which 
bei (lines more copious every moment, being contrary to the 
influx from the siphon, which grow.s gradually weaker, the 
suilai i .if the well will cease to rise so soon as these opposite 
poutTs are equal in their effects^; and the flow will be af the 
ful' ' JiiH instant. 4th. The well I'annot remain stationaty, for 
any length of time, at its highest elevation ) because the vigor 
of] the siphon being perpetually on the decline, all the water 
discharged by it w’ill run off through the outlet, together with 
part of (hat, which had been previously accumulated in the 
visible fountain, during the titue of the flow. 5th. Hence it 
is evident that the well will begin to subside, the moment it 
becomes stationary ; after which, it will persevere in a retro- 
gr^ide motion, until the siphon shall hare emptied (he subterra¬ 
nean reservoir. 6ih. If no veins of water discharge them* 
selves into the visible basin, besides the siphon which runs 
DiflV^rence bey the spring is called an intermitting fountain- 

tvy'cn inter-jbe fioldeibom is of this kind, Vor it remains dry while the 
seerr^ reservoir ts filling, and flows while the siphon is in ac»* 
springs. tion. 7ih, Bur if the spring receives other supplies in addition 
to the intermitting current, it Is called a reciprocatino 
fountain } because the stream that issues frhm the outlet of the 
visible basin is permant nt, though it varies in quantity ; on thia 
account the well ebbs and flows alternately, but never runs it¬ 
self dry. All tlie fountains, whiob will be mentioned in the 

sequel 
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secfuel, are of this kind j and Pliny’s well, near Coma, ap- 
pt* UH to possess the ‘•ame cliaracrer from hi&description of it. 8th 
I'Se tluctuations of an ebbing and flowing well, which is fed by 
a 'iphon, vnill renaain invariable, so long as the stream, that 
fall-j into the subt*i nnt*an reservoir continues to be uniform. 

But these extern • i-.-jd visible operations of the well,'are so far 
under the inflntnce of the current last mentioned, that they The flnehia. 
will evidendy suiFer a temporary suspension, so often as*‘®''*«f jneb. 
the influx into the concealed cistern, amounts to a certain 
(juantiiy in a certain time; for the siphon is but a secondary p;ie at 

agent in producing the phenomena of reciprocation, its bosi- 
ness being to eo^pty the subterranean basin, so often as it is 
replenished. Now the time of Ailing this magazine of w'lter will 
be the shorn'<t, whe#i the influx into it is most abundant, and 
the contrary j consequently an increased discharge into the sub¬ 
terranean reservoir will diminish the intervals of the siphon's 
inactivity, and prolong the periods of its action. It fellows' 
from these premises, that when the influx becomes equal to the 
feeblest effort of the siphon, the quantity of water thrown 
into the concealed basin, will exactly counterbalance the 
quantity which is drawn off by the crooked canal : and the 
external well will assume the character of a common fointain 
under these circimstances. 

I have now explained the principles, on which the com- springs 
noon theory of reciprocating springs is founded } and the neces- before men- 
sary consequences of the theory are stated in the eight pre- 
ceding propositions. This has j^een done, to shew with what the siphons; 
ease a natural apparatus on the* construction of Tantalus’s cup 
elucidates the appearances, which have been ascribed by wri- 
ter.s to the fountains of Do;^nk, Coma, and Paderborn. The 
operations of these springs are happil) illustrated by the instru¬ 
ment in question ; on which account I do not hesitate to proi- 
nounce the theory to be a good one, so far as it relates to these 
fountains alone $ provided tfcey are faithfully described. The' 
simplicity of the preceding explanation, and its goiucidence with 
the narrativ^es of the two Plinys, as well as the history of the 
inconstant brook in Westphalia, disposed me to admit the com¬ 
mon theory, and tojmagine it to be equally applicable to reci¬ 
procating fountains in general j niitil an instance occurred to 
my notice, which proved that, fluctuating fountains do not uni¬ 
versally exhibit the periodical operations which are described by 

th« 
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But ibe Gig- the writers already quoted. I made a visit to Giggleswick 
docrnotagree Well, in the anlumn of 1796 j which taught me to value this 
witb that the- once favourite theory not so highly, and in particular to dispute 
the universality of its apphciition. The causes of these doubts 
will be easily perceived from the following description of the 
well and its operations. 

Description of spring lies at the foot of Giggleswick Scar, which is a 

this last wfell. hill of limestone in the West Riding of Yorkshire. The wa¬ 
ter discharged by it, fails immediately into a stone trough j in 
the front of which are iwu holes near the bottom ; these are 
the outlets of two streams, that flow constantly from the arti- 
6cial cistern. An oblong notch is also cut in the same side of 
the trough j wliich extends from the brim of it, neatly to 
the level of the two holes already meiitiooed. This aperture 
is intended to shew the fluctuations of the well: for the 
water subsides in it when the stream issuing from the rock be¬ 
comes languid ; on the contrary the surface of the water rises 
again in the notch, so soon as the influx into the trough be- 
more copious. The reciprocations pf the spring are 
jy, “ easily observed by this contrivance ; and they appear to be very 
irregular both in respect of duration and magnUude. For the 
interval of time betwixt any two succeeding flows, is sometimes 
greater, and at other limes less, than a similar interval which 
the observt r may happen to take for his standard of comparison. 
The rise of tlic water in the cistern, during the time of the 
well's flowing, is also equally uncertain ; for it varies from one 
inch, to nine or ten inches, in the course of a tew reciproca- 
linddiacharges tjons. J,l is necessary to retn^rk on the present occasion, that 
the spring discharges bubbles of air, more or less copiously into 
the trough ; these appear in the greatest abundance at the com¬ 
mencement of a flow, and cease during the ebb, or at least issue 
from the rock very sparingly at that time. In fact, the appear¬ 
ance and disappearance of these Rubbles, are circumstances 
equally inconstant with the rise anc^fall of the water. 

The irregularites exhibited by the ebbing and flowing well, 
durir’^ my short visit, diminished the respect which I ormerly 
had for the popular theory, rnore especially when considered as 
a general explanation of reciprocating spring,s. This change of 
opinion was suggested by the caprices of the well j which were 
^00 many and too singular to be ascribed to the unifoim opera- 
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tions of a single siphon^ as we have seen already ; and the acci> 
dental combination of several siphons in one fountain, is a con* 
jecture too irnprobable in itself to demand a serious discussion. 

My suspicions respecting the accuracy of the principle were not 
a little increased, hy following descriptions of two recipro¬ 
cating fountains. Weeding ^Vell, in Derbyshire, appears to be WortHn^ well 
more fickle and uncertain in its. reciprocations, than the well at ‘s still im)re 
Giggleswick. Dr. Plot describes this remarkable fountain, gj. » 

page 41 of his history of Sta/Fordshire, where he reports it to 
be very uncertain in its motions, ebbing and flowing sometimes 
thrice in an hour, and at other times not oftener than once in a 
month : he also quotes the following character of it, to the same 
iinpoit, from a Latin poem by Mr. Hobbs. 

Fons hie temporibusnectollitur (ut Marc) certis : 

" .^stibus his uullani prsefigit Ephemeris huram." 

The following account of a reciprocating fountain is ex¬ 
tracted from an article in the second volume of Lowthorp’s 
Abridgement, page 305 ; in which care has been taken to 
preserve the facts recorded by the author. Dr, W. Oliver, in 
language more concise than hts own. “ Lay Well, near Tor- 
bay, is about six feet long, five feet broad, and near six inches v.ise i'« Lay 
deep; it ebbs and flows very visibly; and many times in an 
hour. The reciprocations succeed each other more rapidly 
when the well is full, than they do when it is low. When 
once the fountain began to flow, it performed its flux and re¬ 
flux in little more than a minute’s time ; but the Doctor observ¬ 
ed it to stand sometimes two or ^hree minutes at its lowest ebb; 

ISO that it ebbed and flowed about 16 times in an hour, by his 
watch. So soon as the water began to rise in the well, he 
saw a great number of bubbled ascend from the bottom : but 
yvhen the water began to fall, the bubbling cca!>ed immediately* 

The Doctor measured the distance betwixt the high and low 
water marks, not on a perpendicular line, but on a slope, and 
found it exceeded 5 inches, * 

The three preceding instances of irregular eeciprocatign un-li,t 
doubtedly diminishes the importance of the popular theory, theory is 
by proving that it is not of universal application ; as it only 
explains the constitaUion of those fountains, which ebb and iilr» 
flow periodically. The Bolderborn of Westphalia, may be 
reasonably pronounced to be oi this description ;^as for the 

fountain 
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fountain of Jupiter in Dodona, we know too little of it to 
judge of its true chaiacter ; and it is not loiprobable but future 
observations will add Pliny's Welt to the class of irregular 
reciprocators. 

It mav be reasonably supposed, that since I have endeavoured 
to coniine the established theory of reciprocation to one or two 
springs at most, a new explanation will be off'ered on my part, 
comprehending tha phenomena of those wells, which ebb 
and jflow according to no ceriain rule. Before I make this 
attempt, it will he proper to give a more circumstantial account 
Account of the of the appearances exhibited by the well at Giggleswick, than 
GiJ'^lesvrkk** hitherto been published. I neglected, when in the country, 
Well* to preserve a correct register of its fluctuations, and committed 

DO other observations to writing, except Hhose whici' -.jppear 
in a former part of this essay. This omission, has 

been fully supplied by Mr. John Swainston, of Kendal; to 
whom I formerly communicated my imperfect remarks on this 
well, requesting him at the same time to note down a series 
of its operations, at some convenient opportunity. This request 
was complied with by my friend; who has digesteii bis obser¬ 
vations in the following table, which merits the esteem of tho 
naturalist, as being a faithful history of this singular foun* 
tain. 

Table of the Olfservations made on Giggleswick August 2J0th, 1041, 

fliwhiRof Gie- ^ ^ 

^IcBwick well. On first coming to the well it continued flowing near ten minutes, and 

then as in the Table. 
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Mr. Swainstofi has favoured me with the following explana¬ 
tory remarks ; w'hich, perhaps, will throw some additional light 
on the history and properties of Giggleswick Well. In the 
two observations marked with crosses, the water flowed slowly 
for the first 3 or 4 inches, and then rose very quickly, until the 
cistern was full; the same appearance took place not unfre* 
qaently in the course of his remarks. Where the blanks are 
in the columns marked stationary at ebb, the water flowed 
again instantaneously ; but there are some inaccuracies in this 
part of the table; for Mr, Swainston was interrupted more 
than once by travellers stopping to let their horses drink. The 
term stationary at ebb, signifies that the surface of the water 
Xn the cistern was stationary at its lowest elevation j at which 
time the discharge /rom the trough was commonly confined to 
the two holes near the bottom of it. 

I have how stated all the facts ip my possession, ‘that relate General re. 
to reciprocating springs. The fountains which have been de- 
scribed, are six in number, of these the inconstant brook in 
Westphalia, appears to require the agency of a siphon to ac¬ 
count for its operations. The characters ns ascribed to Pliny's 
Well, and'the well in Dodona, are very ambiguous and unsatis¬ 
factory : but the operations of the three remaining springs, and 
more especially the register of Giggleswick Well, perplex the 
hypothesis of a siphon with insuperable difficulties; which a 
superficial inspection of the table will discover to the reader. 

The theory, which I shall now propose for the explanation AdditiojiaU 
of irregular reciprociiting sprigs, was suggested by an acci- 
dental observation ; which occurred to Mr. Swainston, whon^ 

I have mentioned above. This gentleman, who is a manu¬ 
facturer of Morocco-leaiher, has a contrivance in his works, 
for the purpose of filling a boiler of a particular construction 
wilh water. This apparatus consists of a tub, which is ele- ]VTr. Swain, 
vated considerably above *tbe boiler. The water is conveyed s*®**'* appara- 
from a pump along a trc&gh into this vessel j from which it nufa™ ory 
runs immediately into the upper extremitjP of an iaverted whore*water 
siphon, which is cemented into a hole in the bottom. This Rfrough a ro- 
corapound tube consists of three branches or legs; the first ceivedsiphon; 
descends perpendicularly beneath the tub, and is the longest 
of the three ; the second ascends again and carries the water, 
w)iich-comes into it from the first, to a convenient height 

above 
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above the brim of the boiler } the third is a descending leg, 
-yvhich performs the office of a nozle, that is, it discharges the 
water from this crooked canal into the boiler. Mr. Swainston 
observed by accident, that when the workmen were filling 
the vessel last mentioned, the water reciprocated in the tub, 
the surface of it rising and falling alternately in a manner 
which he could not explain, by supposing some slight irregu¬ 
larity in the management of the pump. When the appear¬ 
ance was more carefully examined, he found a corresponding 
variation in the efflux at the nozlc ; for when the water was 
rising in the tub, the stream was perceptibly weaker at this 
outlet, than it was during the ebb or fall of the water in the 
vessel last-mentioned. He farther observed, that when the 
water in the boiler rose high enough to covdr the end or nozle 
of (he siphon, bubbles of air were seen ascending from this 
orifice, daring the ebb in the tub, or at least during the former 
part of it j but that they did not appear during the flow, or 
whilst the water was accumulating in the tub. The fluctua¬ 
tions here described, were far from being regular, either in 
magnitude or duration j for the water rose much higher in the 
tub at one time, than it did at another j and the intervals 
betwixt flow and flow, or ebb and ebb, were very unequal. 
In fact the appearances seen in this vessel Imitated the caprices 
and singularities of Giggleswick Well in a natural and sur¬ 
prising nianer. 

Tlie exact coincidence of the effects, produced by an ar- 
fificiul apparatus, and a noted reciprocating fountain, will 
naturally turn the attention of^ the curious to inquire into the 
cause of the irregular motions, which Mr. Swainton observed 
in his reservoir. The circumstance on w’hich these fluctua¬ 
tions depended, is easily understood ; for, seeing the inverted 
siphon discharged bubbles of air occasionally into the boiler, 
it is manifest that this subtle fluiil entered the tube, mixed 
with the water, or in other words in the slate of foam. Now 
it is well known, that the bubbles, constituting this frothy 
substance burst, and the air separates from the water, when 
the agitation ceases; by w'hich, the compound was produced. 
S. cli a separation would take place UDavoidi^jly in the siphon ; 
because a current flowing in a tube moves on smoothly^ or 
without iuterrnption, which is tl»e cause of agitation. Ihe 

process 
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process here described, discovers the nature' of the pheno¬ 
mena which are exhibited by Mr, Swainston’s vessel; for the 
air, which separates from the water in the siphon, is col¬ 
lected in some part of that tube, most probably in a bend con¬ 
necting two adjacent legs; where it forms a bubble or mass, 
large enough to produce a considerable obstruction in the 
current, by contracting the area of the pipe. The water 
will evidently rise in the tub, so^ long as its efflux is Inter¬ 
rupted by this obstruction ; but the action of the stream in 
the siphon will push the mass of air from place to place in its 
own direction until it shall be discharged at the nozle. The 
removal of this impediment will restore the stream to its full 
vigour; upon which the water will begin to subside in the 
tub; and it will continue to do so, until the surface arrives 
at its proper level; unless a second collection of air happens 
to be formed in the mean time. We have now investigated 
the nature of the reciprocation, observable in Mr. dwainlon’s 
apparatus, it proceeds entirely from the obstruction of air 
bubbles, lodged in the crooked canal ; the formation of 
which depends on causes that act in a fortuitous or irregular 
manner; consequently the reciprocation which results from 
their united operations will prove to be equally uncertain and 
variable. 

Should the preceding theory of an ebbing and flowing vessel disco- 
receive the reader’s approbation, he will be disposed to think, vi red tiiis 
that Pliny discovered the true nature of reciprocating fountains, th#' 

when he compared the fluctuations of these springs to the in- effects to the 
terrupted and irregular stream ^hich issues from a bottle. In 
fact, only one circumstance seems wanting to render his ex-did not ac- 
planation of the phenomenon ooitiplete; he has not informed 
his friend Licinins, how he supposes the air gets into the sub¬ 
terranean channel, which supplies liis well with water. Per¬ 
haps this omission was th« effect of design, rather than of 
negligence; for' many philosophers in Pliny’s time held the 
singular 6pmlon, that the earth possesses the ^culty of Respi¬ 
ration like animals; in consequence of which it inhales and 
expires air through the crannies and caverns, which extend to 
its surface. Suppo^ng Liclnius'to be of this way of thinking, 

Pliny had no reason to toll this ingenious and'learned man, 
that he imagined the outlet of the fountain had a ^communi¬ 
cation 
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4:ation- under ground, with one of these spiracles of the globe. 
Be this as it may/ the notion is too absurd to be mentioned in 
the present improved state of Natural Philosophy, in any other 
light lhao as a curious document of the puerile conceits with 
which the philosophers of ancient times amused their hear^^s. 

the foregoing attempt to complete the theory, 1 have had 
recourse to a well known phenomenon; water is beaten into 
foam by being agitated; which was the case by Mr. Swainston’s 
vessel, because a strong current fell into it from tbn pump. 
There is, however, one objection still remaining, which de¬ 
serves to be considered: the levity of foam, bompared with 
the superior weight of water, may lead some persons to suspect, 
that this light substance will not mix with water, but will float 
on the surface of the reservoir, in which k is formed. Sup* 
posing this suspiciou to be well-founded for the sake of argu¬ 
ment, we must allow the foregoing theory of reciprocating 
vessels to"' be defective in a very essential point; because if 
foam cannot sink, the air that proceeds from it, cannot And 
its way into the tubes oi^ siphons, which convey the water 
from such vessels. Being unwilling to leave this objection un¬ 
answered, I resolved to put the truth of this principle to the 
test of direct experiment; which was done in the following 
simple manner: A small bell glass, being first filled with 
water, was inverted in six quarts of the same fluid, contained 
in a small tub. Things being thus prepared, the contents of the 
open vessel were agitated briskly; and the air which entered 
the water, found its way into the inverted glass, the upper 
part of which it occupied. TTie water of the tub was agitated 
by the motion of a whisk, or a bundle of slender twigs j it 
was some times taken up iu a pitcher, and returned into the 
Vessel quickly, from the height of a foot or more; both me¬ 
thods proved successful, but the former appeared to introduce 
air into the glass with more expedition than the latter did; 
the difference here mentioned, may however depend entirely 
upon management and accidental circumstances. The experi¬ 
ment which 1 have now related, shews the foregoing objection 
to be of uo moment; consequently the present tbeoiy of 
in'egular reciprocation may be pronounced to Stand upon a safe 
foundation^ aqd unexceptionabk principleil 


The 
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The observations which have brc'nnjdcIeonMr. Swainston’sac- Particular ex- 
cidental discovery, render an elaborate inquiiy into the constitution 
ofGtggleswicfe well OTmecessary. Mature may be easily supposed the 0>£(i;ie^ 
to have produced an apparatus in the side of the hill, possfessing j* 

the mechanical properties of the reciprocating tub, and all the stated theory, 
phenomena will follow, which are so remarkable in this loun- 
tain. Let us imagine a reservoir to be concealed from view 
under the rocks, into which the stream of a subterranean brook 
falls, and beats part of its contents into foam by agitation. Let 
this cavity be connected with the external or visible basin ; by 
a narroN^ serpentinr^ chink concealed in the ioierposing strata } 
and the reader must perceive, without fartherexplanatioii, that this 
conduit will perform thepart ofthe inverted siphonalreadydescrib* 
ed. and exhibit tlteu|:;tf!rations, as well as the irregularities ot the 
fountain in question. Thesame internal structure may be supposed 
toexist in Lay Well, near Torbay j but something is required, in 
addition to this simple apparatus, to account for the cashal reci¬ 
procation of Weeding Well, in Derbyshire. It is not a difficult 
task to accommodate the theory to the description of this 
spri ig j but when we consider how imperfect such descriptions 
are commonly found to be, it appears n.ore adviseable to pass 
over this fountain in silence j until some accurate, observer 
shall present the public with a correct and minute history 
of its operations. 

All parties allow, that reciprocating fountains flow from pools 
of water concealed under ground ; on which account it will of caverns, 
not be veiy foreign to the topic of the present essay, if I con¬ 
clude it with a few remarks on tllb structure and formation of 
caverns. I have visited many caves In .this part of England, 
all of wkich ace situated Ln the firata,of calcareous bills. They 
also appear toliave been once filled with an argillaceous stone, 
of a less durable nature than tbesurrounding limestone. This 
supposition is corroborated the following fact : masses of 
clay, mixed with gravel, are found scattered up and down these 
follows j and as are lodged in chinks frogi which they 
cannot be easily removed by water, I suppose them ,to be tlie 
remain.^ of extensive beds, which formerly occupied these re¬ 
cesses in the calcareous strata. This argillaceous maitter, which iuflltni- 
choaked up the natural vaults of our limestone liills in early 
ages, has been gradually worn away by a simple but powerful reous iiilU iii^ 

agent. 
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washed ont agent. The rains which have fallen from the remotest times, 
loose argilla- constantly find their W'ay throueli the chinks of the limestone j 
thus subterranean biooks W’cre formed, which attached ttie soft 
argillaceous matter situated under the harder covering of lime : 
stone. This perishable substance was first softened by the wa¬ 
ter, and afterwards broken down by the currents, w'bich washed 
away the clay and gravel. In consequence of this alteration, 
the incumbent rocks of limestone Were left to rely on them¬ 
selves. Such, therefore, fell down as were not supported by 
mutual pressure, while the rest still remain suspended in the 
roof and sides of the caverns, being locked together like the 
stones of an arch. The agents which were formerly em- 
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Iiavr Imirpcn- ' excavation of those sublerraniean chambers, re¬ 
ed. main, in many instances, to the present d.iy ; for almost every 

cavern is the place of union to a number of secret brooks, 
which enter it in difierent directions, some of them being pe- 
Cavri na most- rennial—but others depend on the weather. The impetuosity 
of these currents is very apparent in some caverns, which are 
filled with water in wet seasons—for the bottoms of them are 
covered with large masses of stone, the edges and angles of 
which arc worn away, like those of a pebble that has been 
rolled in the channel of a rapid river. 

I have alre.ady remarked, that the caves of the North of 
ijuisf coininon- iDngianfi are commonly found in calcareous strata. This cir- 
cumstance may he traced to natural causes—for the ram water 
descends with groat ease through the vertical fissures of these 
rocks, which generally rest upon a base of grey schist, and in 
some places on a soft argillaceous substance of a laminated tex¬ 
ture. This base is not uniformly flat, for it swells occasionally 
into lumps or hillocks, some of /hich appear above the surround ^ 
ing limestone. Such of the.se hillocks as were originally situ¬ 
ated under one, or a number of subterranean brooks formed in 
the calcareous str.ita, have been washed away Icng ago j and 
the caverns which remain at piestrnt, shew the extent and form 
of tjjese demolished eminences. The reces.ses thus producedv 
frequently contain pools <'f w.iter j and if the presence of a 
grotto be necessary to a reciprocating fountain, perhaps few 
place.s are more ik. ly to produce t*ne, than the neighbourhood 
of Gtggleswiok. For the country abounds with caves, and 
also' with subterraneait brooks; one of which is heard very 

distinctly 
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distinctly through the rocks ivhich cover it« at a place where 
it sounds like a stream falling Into an extensive chambett 
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OhservaAms of a second Comet, with Remarks o» its Construe* 
tion. By William Hersohbl, LL. D. F. R. S. 

A S we have lately had two comets to observe at the same Thopresmt 
time, I have called that of which the following observa* ** 

tions are given, the second. Its appealance has been so totally mer, 
different from that of the first, that every particular ielating to 
its construction becomes valuable; and, notwithstanding the 
tin&vourable state of the weatlier at this time of the year, I 
have been sufficiently successful to obtain a few good views of 
the phenomena which this comet has affordf'd. ' 

A short detail of the observations, in the order of their rela< 
tion to the different comctic appearances, is as follows;. 

The Body of the Comet. 

January 1,1812.—I viewed the second comet with several ha'inff a laigt 
of my telescopes, and found it to have a considerable nucleus SievVliir^*^ 
surrounded with very faint chevelure. 

Jan 2—The comet had a large round nucleus within its 
faint nebulosity. Not seeing it very well defined, and of so 
large a diameter, 1 doubted whei^er it could be the body of 
the comet j but although it might be called very large when 
supposed to be of a planetary construction, it was much too 
small for the condensed light of a bead j its diameter, by esti¬ 
mation, not exceeding five or six seconds. 

By way of comparing the two comets together, t viewed them The former 
alternately. The first within*a nebulosity which, in the form 
of a brilliant head, was of great extent, bad nothing resembling biightcst lu 
a nucleus : the light of this head was very ^adually riuch **** mitldle. 
brighter up to the very middle j its small planetary body being 
intisible. The second comet, on the contrary, although sur<« 
rounded by a taint clfevelure, seemed to be all nucleus j for 
the abrupt transition from the central light to that of the che« 
VoL.XXXV.—No. I63. ‘ O . velure, 
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fiebldbiHff Boda M, 1 ipwJuB t^e held c€. tlie firrt Cpo^t 5 
plaiQly Rioted oui,tb«t''£i .nadeai and itBcbevd^.we 
two dktioct olyeets* ' 

^^***®‘^ Tba jcoinet bad a pretty well defined nucleus wilh 
powers. very faint fjbevdive. When m^pified 170 tioaes the nodPin, 
tbougb less was ratber better defined. 

Jan. 18. W^in a rery fyitA dieveloie 1 saw the oudeus 
as before. / ’ 


Jan. 20, 'pm air, bein^ nncommonly dear^ l. sawtbebody 
of the co^t well, j and as the nwon was f^i^y so 

far advanced in its orbit m to render futaio op|K>rtad|tiei 
viewing the comet very improbable^ I ascertained the 
tilde ^ its body, with a very distinct lOfeet rjeflectpr, by ^0 
following three observations: ^ 

^ First with a low power, which gave a bright image of thp 
nucleus, I kept my attention fixed "upon its apparent size; then 
looking away from the telescope, 1 mentally reviewed the im¬ 
pression its appe^Dce had made on the iniagina$|c»> ip ordpr* 
to see whether it was a faithful picture of the object }*and by 
looking again into the telescope I was satisfied of the aim} , 
liiode. 

in the next {dace I used a deeper magnifier, and alternately 
viewed and remembered the Appearance of the nucleus. |t 
was fainter with this power. 

The' third obwrvation w'as made in the same manner wiit|i 
a ma^ifier of 170. This showed the nucleus of a larger 
diameter, but muph less bright^, ai|d npt so weU defined. 

The nucleus Hip next morning, having i^urm to my usual experiip^t 

S^sMonds. ® globules, by viewing them at a given distance 

with the same kelpicope, and eye-glasses, i.found tfiat oi» of 
them, cfi^ which I fixed, gavp me, as nearly » could,bp pslir 
mated, ifie same raagnitadp with the first'eye-glail^' ao4 w||s 
prt^stioiudly magnified by thA semod ,and third, with 
this difference, th^ thp hjghe^povrer sUow^ the globule with 
nkife j^sUncUtess than it did tfie nude^s j ai^ by trigonome¬ 
try the angle under wbi^l mw the globule was found to be 


♦ 1 pf^er Hd# mclltod of weeftabii^ jlfie tpi^l jiifffctvr of a 
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If will tie iMRftotttry Ut mfHrtjon thti Hi the ailcotsriomi tK<i- 
longing to thW coniOt, t have tiied ibe etemtote’Of Mr. QaHIj 
with a iiiMtl cott^ion «f tfao loi^itade of tho ^thefiOB^ 
which I fbiwcl would amwer the eod oT glvhqr tfan OtMehrdd 
pVmo with fufficient adcoracy from the Ut of ianoarj to tho 
20th; These calculations may hoivever he repeated, if bet^ 
after we should obtii n idemeots improved by additional obser- 
▼atioos, made with fraed imfrumebts; but tht result, I may 
veutore to say, will ndt be matefiaily different. 

Tlie distance of tbe comet from the earth, the 20th of Ja* and its dit« 
nuarjf. when its apparent diameter was determined, was 1 .Oedy, 
tbe mean dtstanee of tbe earth from the sun being i j whence 
we deduce a very rvmarkabie consequence, which Is, that the 
real diameter of its nucleus cannot be less than Id'iy miles* 

The Cheveluretf the Comely ^ 

Instead of that bright appearance, which in the first comet Cxaminatkai 
fias been considered as the head, there was about the nucleus ^ ***** 
of the second a faint whitish scattered hg^t, which may be 
called its chevelure. 

Jan. 1. Examining the chevelure of the comet with a 10 
reflector, I found that it surrounded the nucleus, not in 
the ftarm of a head consisting of gradually tnocli condensed 
nebulosity, but had the appearance of a faint haainess, wkicli 
although of some extent, was not much brighter near the 
nucleus than at a distance from it. 

Jatv2. I viewed the iwg comets alternately. The first 
could only be distingui^ed from a blight globular nebula by 
the mattered light of its tail, which was still 2 20' long. Tho 
second comet, on the contfriry, had n*bthing in its appearance 
resetnb^mg such a nebula t it consisted merdy of a nucleus, 
aorrocmdad by a very faint dhevelutU; and had it not been for 
an extremdy friint tight icPa direction opposite to the sUn, it 
would hardly have been fintUled to the name of a comet ^ 

• • 

• 

faint object to measnring it witfi a micrometer, which rcquln^ Ugll 
to show the wires, and a high magnifying power to give an image 
saffiuently huge fbr measnratton, neither of which eouditioiis th# 
piescnt cornea woold adgsit. 

O 2 
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having'^mibee .the appe^roice ^ « f^aMj^fnenihrOng^an at«^ 
mci^lf^efoll of haasiness, » !! •. ; - , 

Th« ehevdure codsiated;iof.:.an iaiot n Hght that*, 
v^njnngpifidd only I/O tifn«a» It vrat namlf .lolt .; 

I'hi^ 4 :^avelure 'oxtvemely iiint xnd of focy; 
lixile-estent.. < \ ’ • ' i''’’- 

;J4n..20>' Ihn.Jigbt cf the mooa, vrtucb .was op, woold-' 
not admit.of feather accufate ohservationaon the obe^hvow 


The Tail of the Camlet, 


It measured 
& 40" and 
wa-H iibont 659 
thousand 
iniJca long. 


Ian. 1. With a low magnifying power, I saw in tlw 10'feet' 
FfdOeclQr .*an extremely larnt scattered li^t, in opposition to 
the soo,^ forming tite tail Of the comet it reached from the 
centre of the double eye-glass half way toward the circum¬ 


ference. 

Jan. 8. The narrow, very faint scattered light beyond the 
cbevi(^'f6 remains extended ^ in the direction opposite the 


,Jan. 1$. I .estimated-the length of the tail by the propor* 
tion it bore to the diameter of the field of the eye-glass, which 
takes in ,38' 39", and found that it filled about one quarter of 
■ it, which gives 9' 40". .. 

^ Jan.K20. On account of mooivlight the taU was no longer 
visible. ' 

From tbp angle whic^ it subtended, ip the last ohser^ionV. 
it will be found that its length musthave been about €59 them?,: 
sandmilea. ■ : 


' Bmarhs an ihe CmstrucAon of the CameU 

t ' 0' i ‘ 

Ujlscomet%- The tnclhod 1 have taken iii my last papet of comparingi 
proacliedto ti^ther the phenomena of difierent Cbmets appears' 10'me- 
Slnsityl^ mo8t J! *bely to throw some light upon a safa^ect whiGh still re- 

maian involved in great obscurity. When the eon^ of whidi^ 
the ^si^ations Iptve beeii given in dbis paper is compared 
witl) the preceding one, it will be found to be extremdy dif* 
fefent.'.Hdts-tphy4ical conitructioo appears, indeed, to approach 
nmrly to a planetaty condition. In Us magnitude it bears a 
considerable proportion to the siae of Uie planets > the dia-, 

meter 
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meter of tt« jtudeorb^jif^ very nearly one^tbird of tbac of tbe 
eaFtb. , .. 

• 

The light by wbkh we see it is probab^el80|»Ienetaf7 ; its light ap- 
that is to say, reflected frcHBj the son. For were it of a phos* 
phoric, self-luminons nature, we could hardly occottnt for 
its little density : £>r instance, the very small body of the 
first comet, at the distance of 114 millions of miles from the 
earth, hare a magnifying power of 600, and was even seen 
better with this than with a lower One whereas the second, 
notwithstanding its large size, and being only at the distance 
of 103 millions, had not light enough to bear conveniently io 
be magnified 107 times; but if we admit this nucleus to be 
opaque, like tbe bodies of the planets, and of a nature not 
to reflect much liy|ht, then its distance from the sun, which the < 

20th of January was above 1/4 millions of miles, will explain 
tbe cause of its feeble illumination. < 

That tbe nuclens of this comet was surrounded by an allpos* atmos¬ 
phere appears from its chevelure, which, though faint, was ptierewsscoa* 
of considerable extent: and the elasticity this atmosphere ' 

may be inferred from the spherical figure of tbe chevelure, 
proved by its roundness and equal decream of light at equal 
distances from the centre. 

The transparency of tbe atmosphere is partly ascertained and trset 
firom our seeing the nucleus through it, but may ako be in- parent, 
fer^ed by analogy from an observation of the first comet. It' 
will be remembered that an atmosphere of great trahsparracy, 
which bad been seen for a long time, was lost when ibecoinet 
receded from the sun, by tile subsidence of some nebOlout 
matter not sufficiently rarlfied to enter the regions the 
taiLf Now as the existenqe of this atmosphere, when it was 
longer vtstble, might have been doul^d,' the luminous 
matt^ suspended in it, which hadalready aad^sobsmieted 
our view’ 1^. it, happened fortunately to be once mrne ^evated 
the Qtb of JDccember, antb thereby enabled us, from its ‘tnins«' 
and capacity of mstaining lummoosyapimts^ to ascer* 
tain the continuauce of itsexistwice.: Byanaic^, thereford, 
woi may aannise that- the faint chevdore of the second comet 

■ * See Obserrafions of the FInt Comet» 

' - t Observations of the First Cornet^ 
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iiIbo of tbti eoadensadoQ.of toni^ remaining f^oapborie 
matter^ nispended In the lower.jegk»if, of an elaitic, tiima* 
parent, fluid, extending probably far beyond the tdtevelnre 
wltbont onr being able to ^rceive it. 

escribe the little extent end extreme feintneas df 
not aHsc'from to the great perihelion diatance of tbecometi if it bad 

itB areat peri- not elrepdjr been proeed, by the comparative view which in 
Mien 4u- popgi* taken ^of the two comets of 1807 and 

1811 > that the effect of the solar agency depends entirely upon 
the state of the nebuloes matter^ which the comet in its ap¬ 
proach exposes to the action of the sun. Otsr hist botxiet 
therefore had probably bat little unperiheiioned matter in its 
atcnosplicre. 

Other proofs The high consolidation of the matter conti&ined in the Second 

consoiidiitlon much supported by the different appearance of 

of comet, ‘he two comets in the observatmn of the 9d of January. In 
order to judge of them properly, we most consider their situa¬ 
tion with regard to the sun and the earth; the first comet was 
millions of miles from the snn; the Second only lfl4: the 
flrst was at the same time 262 millions from the earth ; the 
econd only E3 j hot, notwithstanding the great disadvantage 
of being 28 millions of miles farther from the son, and abont 
179 millions farther from the earth, the first comet had the 
luminous appearance of a brilliant head accompanied by a tail 
43 millions of miles in length ; whereas the second comet, sd 
advaetageouly situated, had only a very faint cheveltire about 
Its large Imt faint nucleus, with a still fainter tail, drhose length 
has been shown not much to exceed half a million, 

KcBottik If then the effect of the aciidn of the suii bn the cotiielk Xt 

the Hofie of their jjerihelioh pMs^ge is more' or less .cbospictlo 
eusf according to the qaanilty of dnperibi^iDned nebdlotsl 
teetter the/ contain, we may by observation of c(Knetll|'ptie<* 
bomeda arrange these celestial bodies Into a certain %tder of 
eensi^idation,' from which, - in th'e end, a ecatsidteirable Ihsigh't 
kiro their n«or« i^d destination may be obtained; The threat 
last obaerved comets, for instance, will give bs already the 
^lowibg resolfl. 

This comet IhecMOCtof which this paper contains qbservations, Uof 
Ven nlit mote *“** * constroctwn that it was hut little more affected by a 
affecied than perihelion passage than a planet would have been. This may 

hf 
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be escribed to its vary ^?aticed state coasoltdatioa^ and to 
its having Irat a snudl share a£ phosphoric or nebuious matter 
in its constrtmtiod. 

That of the year I8O7 vras mcsre affectedi aod sdtfaoi^h 
considerably oondenwd* showed clearly that it cmsTeyed a 
great quantity of nebulority to the perihelion passage. 

The comet of last year contained with jittle solidil^ a most 
abundant portion of nebolous matteri on which* In its approach 
to the perihelion, the action of the snn produced those beau¬ 
tiful phenomena, which have so favourably afforded an oppor- 
tooity-for critical observations. 


a planet in a 
perihelion pas. 


That of 
was more no- 
bulous. 

And the pre¬ 
ceding comet 
was still more 
so. 


X. 

Jtmarks on the Summer Birds of Passage, and on dfigrarioff 
in general. By Mr, John GouoMt < 

F eb Haps no phenomenon in the history of animated na- The migration 
ture has engaged the attention of men of observation* **^^*^*^11 
in all ages and 'countries, so generally as the regular appearance demtood. 
of those birds which visit the northern climates in spring, and 
disappear as regularly at the approach of winter. But though 
cnanjr facts have been collected, relating to the manners of 
these singular birds, by the industry of naturalists, their his¬ 
tory still remains involved in much obscurity, and perplexed 
with difficulties; many of which, in my opinion, arise from a 
negligent or an iojudicious arrangement of the £icts already 
ascertained. Philosophers haipe been induced by this oversight, 
to take partial views of the subject j and to entertain very 
discordant notions respecting tlie winter retreat of the birds 
in question. All parties, however, are unanimous in condtid- it depends oa 
ing; ^at the r^ularity of their virits in ^rtng ia intimately the seasons, 
connect^ with the apparent motion of the sun betwixt the 
Indies, WhoM north^n J^lluation is increasing at the time 
of their appea^ce, and consequently the tefiiperatore of the 
Dortbem hemisphere is also advancing to^rds the %eaf of 
•umfttor in evi^ latitude. The philosophers, who have under¬ 
take to discuss this coriims. qu^tion in natural bistqry, agree, 
tiMHi, in as^ibinf tlxe,*blternate api^ance and dis^pearance 
ai^ the si^fow trit^i Uie cuckoo^ the wryneck/ and a ma- 

• jority 
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jority of the British wafblerSf to the vicissitudes of tempera¬ 
ture which arc annually experienced in this country, in com¬ 
mon with all other places at a distance from the equator. But 
their unanimity ends here; and> at this point, they split into 
two parties, who view the subject in very difTerent lights. I 
intend to state the opinions of each in succession, beginning with 
those philosophers who appear to me to have the less degree of 
probability in their favour; or, to speak more properly, whcne 
notions cannot be defended on their own principles, when 
these are carefully examined. 

Opinions of pliqy is the oldest naturalist that I recollect, who maintains, . 
pl/nyTtiat”'' *be swallow tribe, and many other birds, with whose 
tiiey ic-iiif to winter quarters he was unacquainted, retire to caverns at the 
cdveiiis. autumn, where they lie in a torpid state until the return 

of .^ring. Many moderns have embraced this idea ; and 
they conclude from a familiar analogy, that the sun. after 
making certain advances towards the north, recalls these 
sleepers from a lethargic state, to active existence, in the same 
manner, that he breaks the winter slumbers of the bat, the 
field-mouse, and the ^edge- hog j as well as of various reptiles, 
and insects inhabiting the temperate and frigid zones. This 
idea is captivating on account of its simplicity j and 1, for one, 
would not refuse to adopt it, if accuracy of the analogy, 
were but fairly established. Bdt as this appears to be an im¬ 
possible task, I shall proceed immediately to stsjte my objec¬ 
tions to the Supposed constitutional connexion of the .birtls 
under consideration, and the animals with which they are 
compared. 

Analogy (Vom Those quadrupeds, reptiles, and insects, which pass the 
mats winter in a state of insensibility j may be recalled to sensation 

and action at pleasure, by the application of a gentle degree 
of warmih. This constitutional singu]arit>vof these auimalfl* 
has induced philosophers to conclude unanimously,, the 
return pf the sun in spring rouses tfaicm from a torpid, ^ndjtion, 
at a time when the benefits of thd* season are ready for their 
enjoyipent. 'JThere is another circumstance, which gives some¬ 
thing more than plausibility to the supposition wbcp it is pro¬ 
perly understood. For the animals in question takn np their 
winter quarters, some of them in snbterrjmean habilatioos, 
a little below the surface of the soil: others lodge in the crer 

vices 
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Tices of walls Or rocks; aod a few, such as fro^, female loads, 

and water newts* buty 'themselves in thd mud of shal-Their rplreats 

low ponds. These retreats are of all them but slightly**’®* * 

covered by a thin stratum of earth* or a sheet of water of a 

moderate depth j in consequence of which, they are warmed 

in doe season by the rays of the sun, after he has entered the 

northern half of the ecliptic. The prCcdding assertion, it not 

a plausible conjecture built upon^probabiltues} but a fact, 

which has been determined by experiment j for the Rev. Dr. pacts stated. 

Hales, in the course of his experimental enquiries into the 

processor vegetation, discovered that a thermometer, the bulb 

of which was buried l6 inches below the earth’s surface, stood 

at 25® of his scale in 3cptember, at 16 ® in October, and at 

10° in November during a sevex^ frost; from which point it 

ascended again slowly, and reached 23 ^ in the bej;inning of 

April (old style). Now the latter part of September ^nd tbo 

whole of October is the season in which the bat, the hedgehog, 

the shrew, the toad, and the frog are seen but seldom, and 

finally disappear. The same animals all leave tbeir retreat! 

and are observed abroad again in the time betwixt the vernal 

equinox and the middle df April} which circumstance makes 

the preceding theory agree very well with the variations of 

temperature* that take place in the winter habitations of those 

animals, which are actually known to pass the cold season in a 

torpid condition. 

After making the foregoing remarks on torpidity* I cOme to Birds though 

certain facts* which are far from favouring the supposed analogy su-e 

, , . , ... , not found in 

of those animals which are kno^n to be lethargic in winter, the torpid 

and our summer visitors of the feathered tribe. Birds of this 

description are very numerous in this part of the world at the 

time of their disappearance; from which circumstance it is 

reasona^^e to conclude, that if they take up tbeir winter abode' 

near the surface of the earth, they would be frequently found 

to the cold season ; which ^ the case with bats, field-mice, 

^and hedgehogs. Though discoveries of this kind are mentioned 

by vaiious authors, the uneommonness^ of the circumstance 

obliges the advocates of torpidity to dispose of the periodica] 

birds during winter, in places which are inaccessible to men, 

auch as die vaults of profbund caverns^ or the bottoms of deep 

lates. My objections to this opinion, are derived firbm ^rtain 

• facts 
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facit roipectii^ Ifae toKBperateae of plaeei sttttat<sd at great 
depths l^w the surface of the land aK^ water. 

* Hanarlcs ea Every place on the globe has m invariable temperatnie pecu* 
the tempera* ]jar to itself, which cannot be fonnd at less than 80 fedt bdk>w 
caverns i external soil. Mr. Boyle kept a themrotneter for a year, 

dtiesnot in a cave which was situate undter a roof of eirthSOftet m 
thidcoess $ and found that the liquor in the instroment re¬ 
mained stationaiy all the time. In complianjce vntfa my re¬ 
quest, the late Dr. Withering made a similar experiment on a 
well 84 feet deep, at Edgbaston, near Birmingham, -the tem¬ 
perature of>'which was found to be in every month of the 
year Ijrgs. Pits or Wells of a less depth give more or l»s 
annual variation of temperature, according to the distance to 
which they penetrate the scgMiriicial itiiita of the ekrth. A 
renoarkable singularity, however, is observeable in experimenta 
made on pits of a moderate depth. 1 kept a monthly account 
of the temperature of d well, for the year Ifgs dnd 1798t 
the perpendicular depth of which was twenty feet; and ths 
annual variation of its temperature fell a little short of 4% 
But the following circumstance deserves to be carefully re¬ 
marked on the present occasion. The temperature of tiie- 
ground, at the distance of twenty feet freon the surfoce, is at 
the highest in October, when a thermometer exposed to foe 
atmosphere makes the monthly mean coincide with foat of the 
year: on the contraiy, the subterranean temperature docs 
not arrive at a minimun before the end of March | which is 


three months later than the coldest weather above ground. 

H«acc the ^ The facts just stated throw fauch light cm the sul^ectof the 

present essay, by pointing out the reason which determines. 
iTiirt to great animals of known letWgic habits to form tl^tr winter retreats 
near the surface the groemd* This choice exposes th^i 
according to the experiments of Dr. Hales, to a variable tem- • 
perature, which sinks slowly at ii^, and keeps tbem t^enumbed 
by a m)' opy torpOr ^ but after tho^Vigoors of winter arc past, 
tbejhidiflf ph^ of these xlombereii ard graduiily waiine^ 
by foe returning miH whlch< reaniina^es tbeif torfM limbs, 
and regies them from their secret dhuk, at foe prbpd'; mofneht 
for their t%)ear&ikee 4fao^ grotfod. Had the bedgfocjjg^ the 
field htoose, &;c. made a contrafy tfoofce,* and retired to Ca-\ 
tems to font ^ep, idl the bouefot tbhy could fotyt derWed 
» Bon 
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from tn lavarlablo tetnepetratuw, would tiavo eoiukted> fti ttke 
certainty of not being frossen ; for the satne degfeie of cold 
wbich^poses them toaleep in auttimn^ would evtdentlf per- 
p^uato tbeir slumbers In these situations j ttnles>« we tup- 
pose them to be roused to action by the calls of btinger; 
wbicb Is a prerariuos and treacherous cause, ^or the Kosetif 
want would nut fail in many instances Id imfitu these animahi td 
certain death in the midst of frost and snow, at an earlier seatldU 
than the commencement criT spring. If we auppose our knoWtl 
sleepers^ o; any other animals suspected of torpid habits, td 
retire to a*depth less than 80 feet, but to a distance from fbu 
turfece which is sufficient ;o conceal them, in damp and dreary 
grottos, from human observation; the supposition will not 
remove the difficulty. • For the time when our periodical quU- 
drupeds, birds, and reptiles disappear, coincides wi^th the 
VMximum of temperature in such places, and they are seen 
abroad again when the same temperature is at the lowest. 

Very few arguments will be now required to demonstrate ^Ifds are 
,, . ..... ^ ^ never found 

tbe impo<tsibtIity of the analogy which is supposed to connect j,, the shallow 

the periodical birds of summer, and the sleetiing animals of retreats, and 

wtutcr. It is Sufficient barely to remark, that the fohner are ' 

never found slumbering with the latter j near tbe surface of the , 

earth i and deep caverns are proved to be unfit fol the teceptioii 

of any creature in the torpid season, CcsUsequently she birds hi 

question, desert the temperate zones at tbe approach of winder, 

to seek a better climate in lower latitudes. 

The migration of our summer viwtors being established opUn The miipation 
authentic facts, I intend to procegd in the neat jilace, to give a 
theory of their annual motions derived from natural causes. 

All tl^ birdt consdtpting tbe m^putin| trifib upon insects, 
wbtt^ disappear and bdeoioe torpstl, hither in a {^Hfept state of 
imdm* the form of embryos, soon ifiOr the autumnal equinox: 

Ttda orcumstance mfiisea ^ ahiohdls under consideTatidn U 
ftither'tuppfy of pthper alinsfyit in thU blgher ktlfudes. They 
grp therefore uUmpeHed, by tfie apprehunsioh of starving, to Uba 
titetv whilgsiuid tethe aomhwirdt him ffiore leniab clinlateS, 
whmo the v%nuni of wiuinr do net tuck dp the hduri^ of 
litoir btstoml faod. Thb nfetnmib Bf the WHdbr IMr of pSi* Th^ follow 
aagu fiMwiir tbe fosf teomMen ^ lbrvthib^iek-snipe> the fid- l^ccu 
llltig, tbe woodcock, and tbe fieldf^> with tome other ape- disappear dor* 
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tfiefrosty regions of the nolrth at the approach of 
cold weatberj and spend the wintea* in the jxiore temperate 
parts of Europe. But the return of springy admonishes them 
when to leave these countries} and’ they retire generally be¬ 
fore the end of April, to pass the breeding season on the con** 
fines of the arctic circle. The fwite (Fyingilla montiom) 
breeds on the hills of Yorkshire and Westmoreland, but does 
not remain all the year in its summer habitation. For twites 
^musbirds* hi multitudes about the beginning of October, and 

disappear; but largo docks of them are seen at that time, or 
not long after, in the south of England.' Thus ard the two 
retreats of this migrating finch pretty well ascertained. But the 
san e cannot be generally affirmed of those birds which retire 
from Britain in antunin. The swalJOw, however, is now 
known to winter in dlfiercnt parts of Africa ; and, in all pro- 
bability, future obserxers will discover the southern retreats of 
the other migrating .species, partly on the same continent, and 
partly in the warmer countries of Europe, or in the correspond¬ 
ing districts of Asia. The last opinion must be received as a 
conjecture, but it has the recommendation of being probable j 
because those birds which return hither about the titne of the 
vernid equinox, may be expected to pick up a livelihood near 
home during the preceding months, without accompanying the 
Bwallow to the mouth of the Senegal, in the l6th degree of 
north latitude. Finally, we may conclude, apparently with 
safety, that no bird retires in autumn farther from its summer 
residence than necessity requires, and that its winter abode is 
fixed by the article of food, \^hich depends on the temperatore 
of the place, and the appetite of the visitor. 

Tiiey return After making the for^oi^ng imperfect remarks cm the 
with summer, gouthern^treats of the migrating tribe, I come in coarse to die 
cause wmeh invites these .wanderers northward, to spend'the 
summer in higher latitudes. No swner has the sun touefaed die 
tropic of Capricorn, than he begins to lessen his sontbem dedfinfi^ 
tioo, and'to shine mco'e directly upon the oj^xMite h^nispbete ^ 
every latitude of which experiences his animatiDg influenoe in 
succession, commenciDg with the parti oontigoons to the torrid 
sone, and proceeding gradually to the frozen regknis mtUti the 
arcticcirde. The advances of luring towards the north, fcoep 
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pace with the diffiisloo of aolar heat over the northern half of 

the globe. For the tame pUuU flower much earlier in low 

than in high letttndes | and we may aafely conclude that the 

same lethargic aninial<>» especially the same flics and other 

insects, will observe the like rule in quitting tlieir winter 

quarters $ and will appear abroad in Italy much sooner than in 

Britain. The following comparative facts may serve to eloadate Pacts icktive 

the slow progress of spring from< the south to the north I am piogren 

sorry, that the observations are chiefly conflned to the vegetable 

kingdom. The table, howei er, contains a remark, which is of 

importance to the present subject. For it traces the nightingale, 

a feeble bird of passage, through 22^ of north latitude } by 

assigning the times of its appearance on three distant parallels, 

Nowit has been shewn^ that the periodic birds do not remain migiato 
torpid through winter, m those countries which they frequent flem 

in summer j consequently, we may infer with safety, thht the chuie. 

nightingale travels leisurely towards tlie arctic circle duting the 
vernal months, after leaving its wjpter retreat,which is unknown. 

In this long journey* this bird pas^^es fiom one degree of 
latitude to another, as the advances of spmtg piepare the 
successive climates of the northern hemisphere for its rtccpiioni 
by warming the ground, and calling the insects of each country 
progressively into active existence. 


The Progress of Spring shetvn by the Time of floweting of the 
same PlanU %n different Latitudei, 


Nami. 


. . .. . . 

Leucoiam vemnoi. f ..... 
Narcissus psendo-Narcusifs. f.. 
AniMnone ttemorosa. f. . . . . 

rimus campestria. v. 

Cratiaieas Osyaeantha. V. . . . 
Nightmgale upgi. 


Athem, 

lat 

Str/*tbu, 

Kendah 
Ut. >4 26 

Upaal. 

tat.'>9“36' 

Feb. 1 
Feb. S 

Ft b.t4 
F^. 16 
Mar. 2 
Mat, S4 



April IS 
May 1& 


Mar. 

\pril 10 
April 10 


May Id . 
May 15 
May 15 

April Id 

4pnl U 
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Mam$ OF vykBiftcue,. 


•lowiK'fw of dbiakHcater inttuier tit ti»veltiti|; mHer^ tfa» thmey of 

migraiion, it| iBigraiioa B'om ooe of tOi prioei|Ml ditiliedttes. For this sop* 
position tinkeii^anfoaif tfilc ofn lot^ journey'lo those birde-of 
feeble birds* pasu^ whick are not foniirlubla tui(l power 

wing f soch as the red-start, the yoHowotwren, die nightiag^a, 
msd other species. ' These uranderii^ hirdsare not required by 
thetheory*to% wijUy tbe gieaiest espedhion through 40 or 50 
degrees of latitude, ftosa their winter qwiiers to their snmtner 
heonts. On tlie cootrary/opw of ihwa hat been provedtoinore 
•lowly from one stationr to another, as the son advances in his fo- 
Cnm towfvds the tropic of Cam^. The winter tohourr of the jack 
snipe, which is remarkable for iis inacJive habits, eondriti iHe 
&rimgoing supposition. For this bird quits the northern regions 
early in aotutmt: am^ in spite of its natural feebleaess sftid 
indolwKe, snakes a shift to trav^ ovw the greatest part of 
'Enrapein the cold seastHs. Hie woodcock also, afiEer leaving 
the Mtne summer reheats, makes a stmdar journey, and passes 
over into Africa. 

id^csw^ow ^ proceed to give a4ew pointsrin the veroat ccairse 

* (rf* the ebtmo^ swallow {Hkundo rmtsoa,) which is known to 
travel in the spring from Senegid^ tn lattlude n<M‘tb, to 
^ymthetra, in latitude 64^ omih. This bird appears in the 
neighbourhood of Senegal on the 6th of Ocl^ier f and has 
been seen as hue as February in the same country. It is said to 
arrive at Athens, in lat. 37” 25'. on the 18th of February ; ut 
Rome, in lat. 41” 45', on the 22d of the same month j at Pia- 
cenaa, in lat. 45", March 20th, A. D. 1/38 } at Tzaritain, in 
.. iat. 48° 30', April 4lb ; in tl|p late spring of 17g3, at Cat^eld*, 
lat. 51°, April iditn from a mean of twenty observations; at 
Stratton, lat. 52° 45', April 8th, from a mean of twenty obser¬ 
vations; at Kendal, kit. 54° 2&', April 1 yth, from a mean of 
twentyMbree objieryatioas.j| at Upi^l* lat. ^” 30', j|th, 
from oi^B observation. 

’ This route of the swallqw. towards the arctic cirele,^, shews 
that the bird does pot rely on its* j|;ility, and loiter in the torrid 
none longer vban is necessary. On the contrary, it travelers 
slowly from climate to climate, rnitU the sun is in 17 or 18 de« 


greea of norlbetn declination, and spring has made cott^rablo 
advances in the ongenial d'lmate ci Sweden. One uomaly 
Fcetirs In the vernal progress of the iwaUow, which deserves the. 


t 


attentioa 





•Itfiiii&m cf the tuitoraliit hiacaoie the ^womMmoceb when {oro* teed ciitiuD* 

{^ly ooderstood, dwtirt bowetteiitive the hkd it le the loed 

cwttei* whid& reterd the apring io. certda ,^trictt. The 

eewllQV apf»eanepcm on avin^^ dejrt eirlier «t Sfentfiaa 

mfot,d2^4yi then at Canfield ia kUdL®. There it Ikile 

or BO doKd>t that thia appai^t exc^ioo to the preaetit theei^ 

arista fiom some ofeamatanoea which retard die increase of 

theecviiaL temperatare at Gattfield} and make the spring «i«* 

vaooe aiore qaickly at tStradoa. As I am wiecquainted mddi 

the aittlaUons of both placet, it will be proper to state a fear 

fiadts, which shew how powerfully causes of this sorfc influence 

thp eaeursioBs of migrating birds. IsL The bank martin .i^tly in- 

{Wrundo riparta) is con-monly seen at the mouth of the tirer iuence ite 

Kent six or seven daysj^eh^re it arrives at Kendal, though the 

distance doea not exceed five or six miles. But die town Ifm 

near the moootaiog $ and the air is colder in that.part ^of the 

vdky than at the head of the estuary. j2d. 1 have frequently 

heard the red>start, the yeltow-wren, and' the wlnte>throM^ 

sieging ia the gardens at Kend^, two or three days prior to 

the^ arrival at MiddJediaw. I attribute tbit diflerence to the 

same cause j fm’.hdiddleshaw lies 200 feet higher than the 

town, being distant from it three miles to the aoittfa east* 

Lastly, the chimney-swallow was seen at Kendal on the 24th 
of April, A. D. 1808 | bat did not make its appearance at 
Settle, before the first of IS^ay. The latter town lies south of 
easttWty miles from the ft^rmer, in a mountainous district not 
fax firom the source of the Hibble. 

The preceding instancy, with odier facts of a siihilar nature, Keeapitiila< 
•hew how absolutely the' motions of the birds under considera- tton.. Tbe 
tion, are regulated in tbe vernal months by local causes ailect- 

local temperature j and the pSinoipal object of tbe present upon sed^ of 
essay m^ he called an attempt to demonstrate, that the same 
leading cause, naturally connected widi the article of food, * 
coiqpels them to traverse tbe tSmperate aoae» wholly or in part, 
twice in the course of tbe year. When the pbssnomma of 
nSi^tioo are cocakSered in this way, winter aodhuniiser bkda 
of paasi^ become relative terms, belonging to the place of 
obset^tejji^. For instancor the twite hihahits tbe soutfaam 
partsorBritaia daring the cold montha, bnt^retems te the 
hilh of ITodtshira in sidings and if wa may judge fiom the 

soppoaite 





'Opposite Blnaatei of the terrid aad fngtd 2 one»^ the former iviU 
Inrreim visitor84>iiC in winter, and the latter none excepting 
in samaior. The-it^rmediate space on the sorface of the 
the chief ^ene .c^ their operation'' Jtts here that the 

tempera) ure of' the atmosphere undergoes great variations, but 
neyerarrives at extremes; in consequence of which, eveVy 
wanderer of the feathered tribe has the power of selecting a 
summer residence in the temperate zone, which is agreeable 
toitt feelings and appetite.' The oiflferent kinds of these birds 
can naturally subsist in places where the spring has made less 
orgreater advances; for the rea-s)art precedes the swallow, 
and the swallow precedes the cuckoo. This 's the reason why 
the difi'erent specie^ trave^ in ;li;iiinct parties, resembling the 
J^ions of a nur '■ou“' .ly marctiing the same direction | 
the whole body being m motion together, alternately to the 
north and south, i ouaii close the essay with a table exhi¬ 
biting tlie order of this procession in Westmoreland. The first 
column contains the names j the secon gives the times of 
migrating northwards, which is when the winter birds depart, 
and the summer vi«.itors arrive j the third gives the times of 
migrating southwards, that is, when the sunpner birds depart, 
and the winter visitors arrive. 


XABLB. 



BXBJ>S OV PA9SA<lii« 



T4BLE. 


Birdg. 


Migrate. 


Mijii;rat!di> of 
l>ii^ 



I Noitb 

South 

Anas Cfgnns . 

1 

1 

J.in or Feb 

Fruj^ilia niontiuui, .. 

Marci. . 

lOftotv'i 4 

Anai Ansei, ... 

xVi 11 « 

"I 

Nuiticntus Anjua 

M > 

‘. 9 

Iriogd Vaneilus... . 

M1. • 


Motacilia flava. 

IM' .' 

lOcicbct 24 

Sylvia Hippolaib . 

Marti. * 


Motaf 1 la B larul**... 

April 4 

1 

Scf>lop<»\ nistit ola,.... 

April 8 

October 14 

Hit undo ripana. 

Aptd 12 


Tuidub pilatU.. ... 

Ap.d 14 
i April 14 

October iS 

Sylvia Phoeidci ms.... 

in xpov d V 

t SltUilil Ills ) 

October 3 

Sylvia Trocliilus..... 

April 15 


Hirundo luttica. 

Apiil 17 

Sept. 25 

Tringa bypoleucos..., 

Aplil 22 


Sylvia SytvieUa. 

April 26 


Cuculus canoros. 

April 27 


Hit undo nrbica....... 

April 29 


Sylvia rubicote. 

May kg 


Charadria<« Morinellas 

May 2^ 


Sylvia cinerea. 

May 2 j 


Hit undo Apus. 

Mav9 

August 18 

Sylvia sylvtcola. 

May 13 


Sylvia horiensis. 

May lA 


Sylvia iaiicaria. 

May 17 



rn hardftosts 


I 
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'HTDftAUl.lC APPAEATtn. 


tlO 


XI. 


Litfer from Mr»WiLLiAit Cto«B« gwing a DesertpHon 
ilu Means of causing Ms hydraulic Apparatus to aid with m 
variable Quantity of Water, 


To Mr, PRr^lson, 


Dalton, June 4, 1813. 


SIR, 

ITT has long appeared to me, that the od1> thing wanting for 
JL the complerion of the hydraulic apparatus, the description 
and drawing of which you have done tne the honour to insert 
in the 12th vol. of your Jonraal, is to make it operate with a 
valuable quantity of water. 

This, I conceive, may be done by having several pipes te 
eonvey air to the bell B. of the apparatus, pi. I. fig. 2, whose 
wifices open at different heights in the cistern, and which are 
supplied with air at some depth below the surface of the wa« 

, ter. 

With this view, let each pipe be contracted to half its dia«> 
meter, at ab<xit the depth of one foot below the surface of the 
water in the cistern, and then gradually widen to its general 
width, and Jet several small holes be made in its aide, gt the 
contracted part. ' 

Now, when water desceaids in these pipes, air will enter at 
the small holes, and the operatioa; of the apparatus in raising, 
will be in proportion to the nan(ber of pipes in acUon. 

A ciicular guard must be fixed on each pipe, at some height 
above the cmUraction, to prevent any water from coming at the 
air holes. 

I se^ up an appfUratus, sach asdelineated hi fig-1 ; but with 
the ahmtioni which have been mratiOsed. The general width 
of the pipe A. B* was three quartera of an inch in diams^, 
and about tweDty-ievMi &et long. The other pipe was one 
inch in diameter*—the M\ of water four feet. 

Vpm one pint of air dcscepded into thp bottle aibove 

*» 
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C. in tbe cottrie of each minntej ‘vrith about twenty plots expen¬ 
diture of water from the cistern. 

The small syphon most have an overflowii^ vepiel toitaehE* 

1 am> ' 


Sir, 

" < Voor most obedtentj humble Servant, 


Ik 


W. CLOSE. 


SCIENTIFIC NEWS. 


Geological &cieiy» 


June 4, 1813. 

The President in the Chair. 

The Dake of Devonshire, 

John Whishaw, Esq of New Square, Xincoln’s Inn, 

Henry Drummond, Esq. 

Charles Price, M. D. Fellow of Wadham College, Oxford, 
William Lowndes, E'tq. of Somerset Place, 

Viscount Kirkwall, M, P. 

Alexander Sutherland, M. D. of Great George Street, West- 
mintitei, 

George Wilbrabam, Esq. of U|per Seymour Street, Portman 
Square, 

were severally elected memher| of the Soc|pty. 

Au acconut of the Isle of Man, by J. F. Merger, M.p. 
M. G. S. was read. 

The length of the l^e of ^an, from N. E. to S.W. exceeds 
thirty English im'les, and its breadth varies from eight to fifteen 
piles. About five mjiies from the northern ex^emity a naoun* 
tainous tract commences,-rnnning pamhoL to the eastern coast 
of the island, and also forming the small detached island called 
the Calf of Man, i^tuated at the southern qttremity of tbci 
larger find. This belt, or chain of high land is divided by duMdi 
transverse valhes, of which two ace situated in the ia»er, 
ao44he* third fisrma thb strait that separates the one isisod from 

tbt 
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other. The highest moontaiqs are situated in the northern 
dlvTsiorj. the ‘ o t cl»*va‘' <lof whLh, called Snei'elcltv it 2000 
ifeei above the level of the il^. 

The i\ick» of thisGoontry is cotnsiofed, belqng ebie% 
to the transitiot^ c)as« of Small g atoed granite pe« 

curs only In one or two plao^, aitd at atrelevation of not more 
than three tM* four huhiSred ‘feet above the sea. Gness atid 
mica slate appear to be entire^' wanting, as also are tbr ouiest 
metnbers of th clay formation. The newer portion of 
tbe clay slaie formation occppies the most elevated parts ‘uf thp 
Island, where it appears under the form of hone slate; roofing 
elate. 

From these rocks tbe passage to the itansUion class takea 
place by insensible degiees; and of thiS tbe oldest member 
that prc-sents .ceif is Grey-wakke. Tbe trait occupied by ibis 
latter rock is, for the most parr, less elevated than that where 
tbe clay slate makes lU appearance and incloses it. The beds 
dip south, more or less, in thei^st, and this tnclination varies 
from vertical to about 35*^. In this formation occurs Grey* 
wakke, Grey>wakKt slate, and granular quartz, slightly mi^* 
reous i in none of which mcks are any organic reinaUu to be 
perceived. 

The preceding formation is covered hy a deposit of lime* 
atone^ less eleyated above the sea than the Qrey-wakJke, and an 
inclination approaching nearer to hpr>zontal. It consists of beds 
of shell limestone, resembling that of l^Lilkcnny, and of West- 
iBorelandf Cumberland, and Durham, together with magnesiaa 
i^mestotie,*sometimes in sepat^e beds, and often in distinct 
patches enclosed within the. other. This magnesian limestone, 
frxcept in a single Insrame, 8))peared destitute of organic re- 
piair.s, bat iu some ^acei bhcloses roundish nodules of glassgr 
9uarta 

In one or two places tbelimektodb is coveted by an anstin*; 
tiBed mass c4 featieitimi amygtaloid ■, tbe base of which it a 
greenub wakke,^oontatntng nodules of laoaeUar oedcareous spai^ 
inve^ed by a thin coating of llron pyrites. 

FlocVz, or secondly ro^s, the ory one that pectin is 
. the pjkiest mndstone, sotineof beds of ^kh are coarse 
graii^, at fo tiKirlr tbb uatni* of Conglomerate, in which case, 
it ifonsisu djluefl^ of fragments of ^rutnzj wUh'a 

■ ■ ■ ■ ■" of 





♦f decayed B]at6» atid a IMtle irctn pyr-ites. The.t<JoIouL of 
^sandstone is'red o*. ffft’j isb. v^bite | it is more or 1<^8 slaty,^ ac¬ 
cording to the proportion of mica tfeat it contaim; kj^es uncon- 
ibmiably over the Gran-arakke*. and dips fij. W-v^ .SP- 
varying from J>5f* to 15®.^ - ^ 

On'the sea shores and on the $U>pi^pf several of the 
tains, are loose bbidka^ .in .great abundafH^» pf ‘gronit^ pf ntM:^ 
slate, and of porphyry.. , , ^ 

The only veins in rbe island are at l^axpy, at Foadalej, ,asd 
at Brada-head. At present, however, tjiey are all abandoned, 
,Tbe oj^ is galina, mixed with pyrUes>aiid , vitb the carbonates 
of lead and of copper. Tlte rock through which the veins 
ran is Grey^wakke; but at Foxdale they have been followed 
into the subjacent gfantte. 

The paper is terminated by two tables. Of these the fir.st is 
aregitfter of the temnera'ura oF several springs, ascertained 
during the month of June, 1811. From' this it appears, that 
the mean temperature of ihe island is 49 ® 99 ', exceeding that 
pf Edinburgh by about 2° 2', and inferior to that of London by 
about 10 . 

Thesecond table contains the devation of-Jrs different spots 
in the island, deduced from barometrical observations. Of 
th^e there Mre twenty>one» the height of which is betweau 
lOQO and 2000 feet above tbe level of the sea. 


June f 8^ 


Sir Henry Englefield, Bart|Vj(^ in the cbaiiu 
The Rev. inward Honey, -Fellow of Exeter College, Oxfmd, 
The Rev. George Barnes, Fettpw pf Eae^r Coljtege, Oxford*., 
John Hansott, Esq^; of Bloomsbury Stpem, 

John Forster Barbara, Esq. M. P, of Queen Anne StreeL 
Thomas Bigge, Esq.;of Bffompton» 

Samuel Turner^ Esq. of Nottingham Place, ^ / 

were severally elected members. 0^. tito Beqiiatyr^. . 

A letter from James Curry, H. Py|d.> G, sL was vead. 

In this letter Dr, ,C. descnbes a temar^bly latge speciiaen of 
' -nodular agatel(exldbited beftM^ tbeSoc^y) whicli-he coiice^res • 
^ to point- ont a-natu^ cotm^on l^ween sgste and the 

^■’-Flasma of the ancient' . 'V .. 

The 







TRie reading of Mr. Vi^el^ter*8 paper ** on the frddi-watet 
furmatiuns of the Isle Of Wi^t, witK sonae observation* oai 
the strata lying above the chalk in lEnglaftd/^was b^un.. 

The obser^^io^ hi thi* paper were in part sogg^ted bjr the, 
recently pubUabed memdr tjf MM. Covfer and Brongniart 
cono^ing the strata in the vicinhy of Paris* io which they 
have deserthed two maldne* and two fr^h-water formations 
alternating with each ather> the whole lying above the chalk* 
which’'latter rock haa hi*herto been very generally considered 
a* one of the most recent deposit*. 

It is to Sir Henry Englrfeld that we are indebted for the 
first observation' of highly‘•inclined strata of chalk in the Isle 


Of Wight.' 

O • , ' V *1. 

A cirrnmstance so aterial for the theorv of the formation, 
or of the revolutions undergone fay the more recent strata of 
the earth* demanded a leis*TTely and careful survey, which wa« 
entrnsted by Sir H. Englefield to the well known accuracy of 
Mr. Webster. 

The present paper la t'he result of this enquiry. ^ ^ 

An elevated ridge of hills runs through the Isle of Wight; 

In a direction nearly E. and W. from Culver cliff to the Needles. 
These hiMs are composed of strata sometimes nearly vertical, 
but gener^lj^’forming an angle With the horizon of from 60“ to 
80®^ dipping northivard. I’liese strata consist of the upper and 
lower beds of chalk* that Is the chalk with and without Bints, 
covtuHbgf the dralk marlj and these again are underlaid by 
calcattsdus sand>5tone* with hubordiinate beds of chert an t lime-, 
■tone* clay and carbonized wood. ' To the north of these strata, 
occdr at Allum Bay* other vertical beds of sand and day^ one 
of wfakih ctatresj^nd* other characters With thel. 

blue day* hontdiiimg bBU^tiy known by the name of 

the London di^. ^ ■ v - 

. The whole series of vertical beds*Jlxhfbit*'no fntiiks of par- ' 
tld disturbance, but it hi evidebt, from the occurreqci^ of these 
very same* tied* iii*Othcf ^it*bf the cdnnWy";1hi a^i^rly hdrl- ^ 
zoutal pcdtioe* and from the trapossibifify of some of them 
(consiStiilg of loose **and With waterwbm nodde* of hint) 
^tng <b^>*ited th the vtrtical position in ei^ich they are at 
present; &at the Wfade indss m<*it have been bodily iti«edoc 
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depressed, by some ooknowi^ force applied to them sabso* 
(goently to the formation of the bed of Loudon clay.. 

If a line in the direction! of the ceiural ridge^of the Isle of 
Wight, be extended westwards wjih D‘wsetshit«i it will befotind * 
to/coincide nearly with the dir<*ctit:ai of a ruoihot? fiom 
HanUfast point to Luiwortii, .and with that already described, 
and which tbeictbremay be considered as a comianatiou of 
former. ^ • 

The nearest tract of chalk to the north of this ridgK is^the 
South Down.s, the strata of which, together with their super-% 
imposed* beds,, up. to the London clay, dip gently to the sout^i. 
Hence the space between may be considered as a great basin of- 
hollow, occasioned, probably, by ihc rupture and subsidence of 
strata originally horizontal. 

Within this basis, at its southern edge, that on tl)e northern 
coast of the Isle of Wight, occur* a large mass of iidrieontal ■ 
strata, in many parts visibly restingbn the eilges of the ele^ 
vated strata above-mentioned,, and, therefore, belonging to n 
period subsequent to that iawhich the formation of tbe^bastii 
took place. This horizontal deposit didrer'i in its geological 
situation, in its mineralogical characters, and in the. fosstla 
lybich it contains, from any othen that have hitherto been dis» 
covered in England, but remarkably corresponds,in many of its 
members t^th the beds found in the basin of Paris, and re* 
centlv descKbed by MM. Cuvier and Brongniart^ authenticaied 
specimens of which, sent by the latter of these gentlemen ta< 
the Count de Boumon, have been by him. deposited.ro 
net of the Geological Society. j| . . , a 

These beds, as they appear- in tha Isle of Wight* ccHistitnte. 
!^ur formations; tlNt first pf wiuchA .is,the lowestfresk.water 
foripadoo; the second is the nar .so^ine ftnm^ioni. the. 
third is. the uppi^ fre$h wah» fornsathob and the fouttb, mr,, 
auperficii^, is ^ aljinvtal bed* 

Tbg ,particnitAgit. .of these ^e described in, the.std«equeitt:. 
Vart of Mr. . which has. .no^ yet been, read ■ 

before the.Soiii^.* „ - 


Jccotmf 



iMriBNttFIC NEW* 


Accmtni ^ Sooks, tSSfe* 


Bfemoiri of the Literaryjgnd Fhilosophtctil l^ociety of Man* 
cbeMef^ Second Series. Vol. IL octavo, 484 pages, with nine 
copper plates. London. 1913> 

This VQlurae contains the foUbwing papers, 1 , Aii*accoont 
of some experiments to ascertain whether the force of stenm 
be ki proportion to the generating beat. By John Sharpe, 
£sq. 2 . On respiration .md animal heat.* By Mr. John Dal- 
t<M 3 . 3. An Inquiry into the Principles by which the impor* 
tance of Foreign Commerce ought to be estimated. By Henry 
Dewar, M. D, 4 . BenaiiiThs on the Rbe and Origin of Figu¬ 
rative I^anguage. By the Rev. Wm, Johns. 5. On the mea¬ 
sure of moving force. By Mr. Peter Ewart. 0. Account of 
a remarkable effect produced by a stroke of lightning. By 
Matthew Nicholson, Esq. with remarks by Mr. Henry. 7 . 
Theorems and Problems, intended to elucidate the mechanical 
principle called vis viva. By Mr. John Gough. 8 . Ou the 
Theories of the excitement of Galvanic Electricity.^^ By Wil¬ 
liam Henry, M. D. F. R. S. g. Cursory remarks on the 
mineral snbstance* called in Derbyshire, rotten stone. By Wil<* 
liam Martin, F. L. S. &e. lO. On national character. By 
Thomas Jarrold, M. D. 11 . Observations on the ebbing and 
flowing well at Giggleswick in the West Riding of Yorkshire } 
with a tbecM’y crif reciprocatiitg fountains. By Mr. John 
Gough, (see our present number.) 12 . Description of an eu¬ 
diometer and of other apparatus enqiloyed inespeiiments on the 
gases. By William Henry, M. B, F. R. S. 13. A de- 
moDStration of Lawson^s Geometfleal Theorems. By the late 
Rev Charles Wildbore 14. Remarks on the sqiomer birds of 
passage, and on migration in general. By Mr. John Gough, 

1 shall give extracts or abridged flcconnts of some of these 
memoirs heieafler. 
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ARTICLE 1. 

A Theory of the TUeSj including the Consideration Resist-' 
UUCP. By a Correspondent, E. F. G. H. 

(Concluded from p. ISfjJ 

Theouem K. 

T he oscillations of the sea and of lake"?, constituting the 
tides, are subject to laws j^Kactly similar to those of peiidu- 
luras capable of performing vibrations in the same time, and 
sttjpendsd from points which ate subjected to coinnountl regular 
vibrations of which the constituent periods are completed in 
half a lunar and half a solar day. 

Supposing the surface of*y»e sea to remain at rest, each point 
of it vvill become alternately elevated and depressed in^com- 
parison with the situation in which it would remain in c fjuili- 
brium, its dintance from this situation varying according to the 
regular hnv oi the pendulum (See Theorem F.) : and it will be ' 
actuated by forces indirectly dependent on, and proportional to 
this distance, so that it may be compared to a pendukim reatain- 
Vot.XXXV.—No. W4. a ing 
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THEORY OF TIDES. 


Exampir. 


C 


ing at rest in the vertical line about which its point of suspension 
vibrates, and will consequently follow the motion of the tempo¬ 
rary horizon in (he same cnanner as the pendulum follows the 
vibration of its point of suspension, either with a direct or 
retrograde motion according to circumstances : the operation of 
the forces concerned being perfectly analogous, whether we 
consider the simple hydrostatic pressure depending on the 
elevation. Or the horizontal'pressure derived from the inclina¬ 
tion of the surface, or the didbrential force immediately pru« 
ducing elevation and depression, depending on the variation of 
the horizontal pressure, and proportional to the curvature of the 
surface. We have only to determine the time of spontaneous 
oscillation (sst) either in the open sea,or^,n any confined chan¬ 
nel or lake of known dimensions, and we may thence immedi¬ 
ately infer the magnitude of the solar or lunar tide, supposing 
the resistance inconsiderable; and supposing the resistance 
given,' we may obtain by approximation a sufficiently correct 
idea of its efiects. 

Corailary I. Neglecting, in the first place, the resistance, we 
may suppose a lake or sea to be contained between opposite 
coasts in the direction of the meridian, and call its breadth in 
the direction of the equator h, and its depth d, both in miles ; 
then the time required for the complete oscillation of such a 

Jake will be—^—;in hours: and the square of this time will 

A 9 

be to the square of half a solar^ay (©) a^-—~ to 144, or as 

to 2830000d, :: 1 ; n (Pr. A! Sch. 2.) and n = 2830*000 d : 

, and — 't— = __g Bioooo d jg multiplier for 

determining the excursion of the .pendulum from that of the 
point of .suspension, or the true height of the tide from the 

variation of the forraof equilibriuin : so that if ^ be considered 
as a cn*cuiar arc,* the height at the eastern and western shores * 

will be 51 A —. A, h being the whole height of the 
primitive sidar variation, and in the ssme manner taking half a 
lunar instead of half a solar day, we have Sil —A 

„ ' ■ 00300004 ■—66 

or 
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for the lunar tide, ft being the primitive lunar variation : and 
for a lake of 90 ® in breadth, where b = 0210, or for the open 

ocean, the heights become —~— h, and ——h respectively. It 

rf—I'Jf l/—13 

would, however, probably be more correct to make (he numbers 
14 and 13 somewhat larger, on account of the deficiency of 
velocity observable in almost all the motions of fluids. 

Corollary 2. In this calcuiation-we neglect the attraction of oftlio 
the parts cf the sea already elevated or depressed, so that it f'ca's density, 
M'onld^only be strictly accurate if ilie density of the sea were 
absolutely inconsiderable, and h were *8 or 2 feet. But if the 
earth consisted wholly of a substance not more dense than 
water, the force tending to destroy the level of its surface would 
be only as great as the disturbing force which would act at the 
same point if the body had assumed the form of equilibrium, 
since ; of the force would be the effect of the attraction of the 
parts actually elevated (TlieoremG.) ; and the ratio of the forces 
would be the same in every part of the vibration : so that the 
time of a spontaneous oscillation would be increased in the 
subduplicate ratio of the diminution of the force, and the value 
of n diminished in 'the simple ratio. And if we suppose the 
density of the earth to be about 5^ times as great as that of tlia 
sea, the value of n becomes reduced to ^ ? n, and we find for 

the solar tide of the open sea and for the lunar 

//—ir,'/ 

= o; and having the actual height q, d = or —1 

the depth 15*7 ^'^*0 nailes being the smallest at which thcf 

tides could be direct : supposing the sea shallower, they w'ould 
be inverted, the passage of the luminary over the meridiati cor¬ 
responding with the time of low water. 

Corollary 3.. We may fiJhm a coarse estimate of the effect of Resigtance i» 
resistance on the height and time of the tides of a given sea by a siiuplc farm, 
considering the case of a simple oscillation subjected to a 
resistance proportional to the velocity. Supposing the retarda> 
tion or acceleration of a lunar tide to amount to one lunar hoiir^ 
the arc of the circle appropriate to the vibration becoraifig 30®, 

. the 


Q 2 
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the cosiae of this arc will be rB66, and the height will be ‘B66. 

, (Th. B.) for the open sea, and d = : -Thus if 

the height were 2 or —2, d would be 730 or 7 37, while the 
formula —independent of resistance, would give only 

6 45,. a negative value of d being impossible. If h were —3, 
with this resistance, d w'ould be 8’83. The sine of 30® being 
*5, the resistance, when greatest, would be equal to half the 
greatest accelerating force. 

Arinal magiii- Corollary 4. If the bottom of the sea were perfectly^'smoolh 

veslltaiice*^ and horizontal, we might form some idea of the resistance 
opposed to the tides from the phenomena of rivers and pipes ; 
but on account of the great irregularity of form, "we can only 
infer that the resistance must be incomparably greater than that 
which is thus determined. The horizontal velocity is most 
readily deduced from the effect of the inclination, which gene¬ 
rates a force varying according to the law of the pendulum, 
and producing, therefore, a velocity, which, when greatest, is 
to that which would have been produced by the whole force 
uniformly continued for the same time, as the radius is to one 
fourth of the circumference : the sine of the inclination, which 
expresses the force, is also to the whole height divided by the 
breadth, as one fourth of the circumference to the radios : so 
that the greatest velocity becomes precisely equal to that which 
would be produced in the same time by a uniform force, 
expressed by the height of the .tide divided by the breadth : 
and for the solar tide in the open sea, we have a force expressed 

by the sine- - - operating for three hours, which is 

^ GJl(iX52aO o 

t/x l-KiLS rerrttTttw rsnawifinnr fnr _ ^9 


by the sine-- operating for three 1 

equivalent to the force of gravity operating for 


will generate a velocity of —=s —I in a second, 

or, if be supposed equal to 1 foot, about ^ of an inch. Now 
it appears from the experiments of Dubuat and others (Phil. 
Trans. 1808,) that the resistance may be expressed in inches of 
pressure by the formula y’= a-jV ® -J-2 c-Li;, where, for 

Ron&Uerabk depths, a = ‘0000413, and c:s=; ‘OOOOp, or 

perhaps 


G21bX6280 


, and 
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perhaps.‘0001, cl being four times the depth; but instead of 
having/as a measure of the height corresponding to the 


resistance, we may determine the equivalent inclination by find- 
j-» which will be ; and this we are to compare with 

• u 


the greatest force tending to prcjduce the horizontal motion„or 
Bursincev=: 

6216X5!iJ8li> fijlti X .j-auo’ d ’ 


«c + 8c . 


1 .j 7^ and the greatest resistance will be to the 
•li-iryoo ° 


greatest propelling force as (av+2c) to d, or as 


v35v+126 to the depth ininche.s, that is, as-?- + 10} feet to 

the depth. Hen''e it appears that if this calculation were 
sntficient to determine <he magnitude of the resistance, that part 
of it which varies as the square of the velocity would be small 
in comparison with the part which varies as the yelocity, not 
only for a tide of one foot, but even for one of ten feet in 
height; and that both parts would become almost insensible in 
a sea of con.siderable depth. In fact, however, the observations 
have been made under circumstances so w'idely dilfcrent, that 
no valid conclusions can be formed from them with respect to 


depths so great and velocities so small, even if we could dis¬ 
regard the irregularities of the bottom of the sea, winch, by 
the eddies and other deviations depending on them, miut create 
a much greater resistance than the calculation indicates ; and 
this resistance, from the nature of the centrifugal forces con¬ 
cerned in it, is much more like^ to vary as the square of the 
velocity than as the velocity simply. If we employed Dubual’s 
origioal formula „ = 

we might infer that the resistance or adhesion would annihilate 
the velocity when- '3 ^ {1 + 1'6)) became equal to 


. 297 i I being the cosecant of the inclination, or here * 
so that, if f ==1, *3 ^ 1360 : •con¬ 


sequently nothing can be inferred from the calculation, except 
that Bnbuat's formica is totally inapplicable to the case; perhaps. 


however, the extravagant resistance, whicli is indicated by it, 
maybe admitted as< a conjectural, aigument, to sbjw that the 

resistance. 
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TJ!e& of ttie 
patiir.U resisA- 
anre on tlif* 
solar <tud lunar 
tides. 


wslstancej even in a sea of a form perfectly regular, vi'^ould pro¬ 
bably be greater than is inferred from the formula for pipes and 
rirrers, published in the Phil. Trans. 

Corollary 5 . We are next to inquire what would be the 
effect of a Considerable resistance, vaiying as the square of the 
velocity, on the compound tide, produced by the combination of 
the lunar and solar forces ; and the calculations in Theorem D. 
will serve to illustrate this case as it is found in nature. The 
hrst remarkable consequence of such a resistance is the alteration 
of the comparative magnitudes of the forces concerned : the 
extent of the oscillations being diminished by the resistance, the 
diminution will bo greater where the resistance is greater for a 
given velocity, and the spring tides will bdar a smaller propor¬ 
tion to the neap than if there were no resistance, so that the 
apparent inequality of the solar and lunar forces will be greater 
than their true inequality. We must, however, remember in 
making this calculation, that the proportion of the tides is by no 
means precisely the same with that of the disturbing forces of 
the luminaries, but may differ from it more or less on account 
of the difference of the periods, according to the depth of the 
ocean, and the form and magnitude of the seas and lakes con¬ 
cerned. For example, taking n = 5 - and r= yV » or since 
fi -= rf = lOi miles, the greatest resistance being supposed 


for the solar tide equal to of the greatest propelling force; it 

appears that under these circumstances, if the true spring and 

neap tides are generally as 2 to i )iwhich seems to be very nearly 

their true proportion, the tides which would happen if the 

resistance were annihilated, would be in the proportion of 4‘367 

to 2 055, and tlie primitive forces exciting these tides, instead 

of 6'422 and 2-312, would be 6*422 and 2-312 —^ or 

n n * 


in the proportion of 5*158 to 2'312, or 2*208 (o 1 . It is obvious 
therefore, that witliout a more correct knowledge of the depth of 
the sea, and the resistances to its motion, than we possess, it is 
impossible to form any accurate estimate, o^. the proportion of 
the solar and lunar forces from the tides, even if we suppose our 
observations be exempt from the operation of any of those 

local 
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local causes which have been described, as likely to influence 
this proportion : in fact it is not improbable that the irrcgula- 
ties of the form of the seas are so great as to set at defiance all 


calculation, even if they were ascertained. 

Corollary 6. The time of high water is also subjected to Effect of n- 
various roodlfications, according to the resistances concerned. *of 


It 18 easy to see, that a resistance of any kind will produce a high water 

^|)nng 

retardation of the direct, and an apceleration of the inverted tides. 


tides, (Cor. 3) j but the law of a resistance varying as the 
square of the velocity produces two rem.arkable consequences 
with respect to the time of high water : first, that the spring 
tides will be retarded or accelerated^more than the neap tides'; 
and secondly', that t{}e highest tides will not be precisely at the 
syzygies, but may be'before or after them, according to circum¬ 
stances. The first of these consequences has not been suffi¬ 
ciently established by observation, aUbough it has been re« 
marked in general, that high tides happen earlier than lower 


ones, other things being equal. But in many of the harbours 
in which the most accurate observations have been made, the 


time of high water may perhaps be somewhat modified by the 
different re.sistances opposed to tides of different magnitudes in 
their passage from the seas in which they originate. The se¬ 
cond circumstance is observed in a greater degree than can be 


well explained from the present state of the calculation. It Is 
not easy to suppose the conditions more favourable to the retar¬ 
dation of the spring tides, than they have been assumed in the 
case stated in theorem D; ani the maximum is here scarcely 


at the distance of a single tide^from the conjunction, the second 
excursion being somewhat smaller than the excursion immedi- 
at^y preceding the conjunction, nor is it probable, that the im¬ 
perfection of the mode ofacalculation is so great, as to afford a 
result very materially different from the truth. It must, there¬ 
fore, remain, for the present, as a difficulty tObbe solved fu¬ 
ture investigations, that in many ports not far remote from the 
open sea, to which the tides can by no means be, as Laplace 
aeems to suppose* a day and a half in travelling, the third tide • 
after the syaygy is, in general, the highest j if, indeed, this fact 

* should 
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should be confirmed in all its extent by observations made in 
a greater variety of sitnalions than those which have hitherto 
been recorded. The advance of the spring tides at the sol- 
.sticec, which Laplace has adduced as an iilustratioii of the de¬ 
pendence of the tides on the stale of the luminaries a day and 
a half before, is certainly favourable to his opinion. But this 
circumstance is not sufficiently established by continued obser¬ 
vation, to counterbalance the incompatibility ot so slow a pro¬ 
gress of the tides from the o|)en ocean with the well known 
times of high water at the different ports. There is also some 
difficulty in explaining the occurrence of high water at St. He¬ 
lena 2-^ hours, and at Bellisle 2h after the moon's transit, in 
tliese situations, which seem to be as little remote as possible 
from the source of the tides of the Atlantic. The direct tides 
on the eastern coasts of a sea like the Atlantic, ought to happen 
about an hour before, and the inverted almost five hours after 
the transit: an acceleration of 2^ hours seems to be greater 
than would be expected according to .any probable estimate of 
the magnitude of the resistance. The bimplesL solution of 
this difficulty seems to be to suppose the icepest parts of the 
Atlantic much narrower than the wiiolc of that ocean, so as to 
cause the simple inverted tide to happen consideiably before 
the fifth lunar hour; unless we cliooae to consider the principal 
part of the pheDomen.a of our tides as dependant on the affec¬ 
tions of distant seas, so as to occur at times very different from 
those of the primitive variations of the Atlan.ic, The tides 
on the western coasts agree very l^cll with, either supposition. 
The slight difference of the ascent and descent of the tide, re¬ 
marked by Mr. Laplace in the observations at Brest, may be 
explained by a comparison with the form of a common wa^e, 
which, where the w'ater is skfilow, v always steepest before. 
This ciicumstance arises from the greater velocity with which 
the upper parts of 4 ,the wave advance, where the difference of 
the depths becomes considerable, (Phil. Trans,** ISJOS) j and it 
is, perhaps, somewhat increased by the resistance of the bottom. 

' Where the tide travels far in shallow channell, its irregularity 
pi iuclinatipn Increases more apd piorej for instance, in. the 
• Severn^ 
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Severnj it assumes almost the appearance of a steep bank. 
(SeeNich. Journ. vol. XVIII, 1807 , p. 118.) 

Scholium 1 . Asa confirmation of the conclusions which have DiffMcnt 
been deduced from the analogy of the oscillations of the fluids culatiou. 
with the vibrations of the pendulums, we may obtain similar 
results from the immediate consideration of the progress of the 
tide in an open ocean following the luminary like a widely ex¬ 
tended wave, If the actual height of the tide be called q, its 
virtual height, with respect to the form which would afford a 
momenrary equilibrium. Will be 7 + //, and the propelling force 
will be proportional to this height ; now the natural velocity 
of the wave, m (•^(/),is generated by its exposure to a fojce 
proportional to its sinople height for a time proportional to that 
which it occupies in passing ovei its own breadth that is for 

the time-~rT ' exposed to a fo|ce gicatei or 

ie sin the ratio of q+h to 7 , fur the lime— , wheie n is the 


velocity of rotation, its velocity w'ill become A. 

q n 

, which must be equal to n, and 


nq 


n^q and putting r/® — rq — d (q+h) and 

q = , and d — —^ , precisely as already demonstrated j 

r—d 


r being the depth, affording a velocity equal to the velocity of 
rotation. And supposing, in the next place, such a wave to 
be liable to a resistance proport/bnal to the velocity, w’c ma^ 
..illustrate the effect of the resistance by comparing it w ith that of 
another wave, which we may call its representative, combined 
■wdth ^he original WRve, and altering the inclination of its surface 
to the horizon. Thus, if thecjrdinatescf the curve A (PI. V. fig. l) 
represent the elevation and flhe horizontal velocity of the tide, 
• those of the curve B will exhibit the force deriited imraeiUarely 
from the resistance, which will be the same as would be pro¬ 
duced by the combination of the wave C with the original wave, 
or as if the mooftmtary position of the virtual horizon were 

alterpd from its n^tuj^l state to the form D, which is the re- 

* verse 


caK 
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verse of C ; and 'this form D must be combined with the vir* 
tual variation of the horizon corresponding to the primitive tide^ 
in such a manner as to produce a result agreeing in its portion 
with the actual tide, and such as is represented by the curve 
AE for the direct, or AF for the inverted tide : and this will ob¬ 
viously liappen if the primitive variation be represented by the 
space included between AE or AF and DC, the resistance GH 
being proportional to the sine of the displacement HI or HK, 
and the height of the result LE or LF, on which the true 
height LM immediately depends, to its cosine : the trqe max¬ 
imum at M following that of the space AEL, and preceding 
that of FGH, as has already been shown by a different me¬ 
thod. 


It may be remarked, that since the resistance probably varies 
with the depth, the retrograde motion of the waters will be 
more impeded than the direct, jfcd a very slow, although per¬ 
haps an imperceptible, current from east to west will thus be 
established, its velocity being always less than that which is 
sufficient to produce an equality of resistance in the different 
directions. 

EfTert of rc- Scholium 2. It has been observed, in corollary 6, that the 
distance on 
thr velocity of 

a wave. ‘ opposed to the passage of the tides from the open ocean into 
the ports at which they have been observed. And indeed 
without a mature consideration of the subject, it would have been 


time of high water may perhaps be modified by the resistances 


natural to speak with less hesitation of the effect of resistance 
in retarding the propagation of an undulation through a fluid. 
In reality, however, this retardaKon appears to be very inconsi- 
derable, if it exists at all, at least where the height of the wave 
is moderate in proportion to that of the fluid. We may sup- 
pose AM to be the figure of an uijdulation advancing simply in 
a channel of a |;iveD depth, with a resistance proportional to^ 
the velocity, which may ag^in be represented by the virtual 
^elevation of the wave C, which must always accompany the 
• original undulation AM in its progress, ac|{l must, therefore, 
constantly tend to produce the same motions in the particles of 
the fluid as.a real wave of the same magnitude; for the figure 

of 
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of the swrface, and the velocity with which that figure succes¬ 
sively changes or advances, art- the only causes which fur¬ 
nish the immediate fi-rccs concerned in prodnciriij the elemen¬ 
tary motions constituting the oscillations. Now, while the 
imaginary wave C advances a little into, the situation N, it is 
obvious that, in consequence of the action of the forces which 
it represents, the surface must be elevated at N, where the sur¬ 
face of AM is depressed, and depressed in the half of the un¬ 
dulation next to C, where AM is elevated, so as always to di¬ 
minish rtie magnitude of the original undulation, without aftect- 
ing its velocity, as it would do if the curve C crossed its absciss 
in any other points than those which correspond to the greatest 
ordinates of AM. A^<1 the rale of diminution will be such, 
that if it continued uniform,, the wave AM would be lowered 
at M during the time that it pasMSOver one-fourlhj of Its whole 
breadth AL, by a quantity whira is to the greatest ordinate of 
C, the representative of the resistance, ns the semi-circumfe¬ 
rence of a circle to its diameter : but since the resistance would 
vary with the height of the wave, the actual diminution would 
be expressed by a logarithmic quantity. Thus, if the greatest 
resistance be to the greatest propelling force as rtol,the 

fluxion, or rather variation, of the height y will be to that of the 

« 

• • fj * 

absciss a: as go^xyr to gO'’, and —q = rqx, —.^'_rj,and 

H. L. y = C — ra?, or calling the primitive value of y unity, 

q = andJL = er\ 

H 


Londan, June 1811. 


E. F. G. H. 
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181J. 

Wind, j 

Max. 

Mm. 

Med. 

Max. 

Min.j 

Mod. 

Evap. 

1 

Rain, 


5ih Mo. 











May 23 

W 

, 20-50 

20-55 

29 570 

50 

49 

54-0 

^ —- 



24 

N W 

2070 

20 55 

20-625 

60 

40 

54 5 

. 

f 


25 

N W 

2(J 76 

20-65 

20-705 

61 

40 

55 0 

.. ■ 



26 

W 

30*05 

20 76 

20-t)05 

57 

41 

40 0 

— 



27 

N W 

30 10 

30 0.0 

300/5 

60 

42 

510 

— 



28 

Var. 

30-10 

2006 

30030 

72 

42 

5/0 

— 



20 

N E' 

3006 

20-06 

30-010 

76 

53 

64-5 

— 



30 

S 

20-07 

29*90 

29*935 

73 

56 

64*5 

•65 

•34 


31 

N W 

30-00 

20-07 

20-085 


50 

68 5 

— — 

2 


6rh Mo. 





w 




« 


June 1 

E 

20-07 

20-83 

29'900 

85 

50 

67*5 

— 



2 

N E 

20 05 

20*83 

20-800 

84 

54 

690 

— 



3 

N W 

30-17 

i 20-03 

30060 

72 

51 

61*5 

-—. 



4 

N W 

30-17 

20*88 

30-025 

65 

51 

58-0 

*75 



ft 

N W 

20 88 

1 20-82 

20-850 

58 

48 

53*0 

-- 



6 

N E 

20-73 

20-67 

29:700 

50 

47 

51*5 

— 



7 

X E 

20 SO 

29 73 

29-765 

71 

43 


- -■ ■ 



8 

N E 

20-73 

20-51 

20-620 

75 

48 

l6i*5 

——— 



9 

N W 

20-53 

20*43 

20 480 

75 

54 

64*5 

• 

CD 



10 

N W 

■20-83 

20-53 

20 680 

75 

• 4^ 

61 *5’ 

— 



11 

s ! 

20 83 

29-7* 

29-785 

76 

52 

640 




12 

S E 

20-08 

20-741 

29-960 

77 

45 

61-o 

—— 



13 

W 

30 02 

20 97 

29995 

73v 

51 

630 

•48 

5 


14 

S W 

3007 

29-78 

29-025 

67 

52 

50-5 


- - 

0 

15 

s w 

20-08 

29-78 

r 20-880 


46 

56-5 




16 

N W 

30 04 

29-98 

30Q15 

63 

44 

53*5 


. - 


17 

Var. 

30-00 

30*04 

30-065 

61 

43 

520 


-- 


18 

; N 

30-15 

3000 

30-120 

61 

30 

500 




Ifl 

1 N 

30-le 

i 30 15 

30 155 

57 

57 

470 


1 


2(j 

» N E 

; S0-2C 

1 30-16 

30*180 

60 

'42 

51*0 

•42 

1 *65 




‘ 30-2G 

► 20'-43 

20*889 

85 

37 

57*93 

2*781 

1 1*06 



rlisL'rvalion^ in oacli line of the table apply to a period of twenty-four honrs, 
hi at 9 A. M. on the day indicated in the hrstrohimo. .A dash denotesi that 

}t 1 Ckult IS included iu tht^ uext following observation. 
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REMARKS. 


Fifth Mo. 30. A shower p. m. Tliunder to the westward. 
31. Fine day: some thunder clouds appeared: the evening 
twilight was brilliant and tinged with orange—the new moon 
was conspicuous, and there fell much dew. 

Si3;th Mo. 1 . Cumulus, cumulostratus, and cirrostratus 
clouds. • The sunset was cloudy, with an orange lint. 2 . Cir¬ 
rostratus clouds, with haze, to the S. at sunset. At the same 
time there were cii-i in the N. more elevated, and finely tinged 
with red. 4. Windj^: cloudy till evening. 5. Clear a. m. 
afterwards cloudy and windy. S. Windy : at sunset, cumuli, 
with the cirrostratus attached: much orange in the twilight. 
9 . A shower early : cloudy, dropping. 10 . p. m. Large ele¬ 
vated cirri, ll.a. m. cumulostratus clouds; p. m. cirri in 
abundance lowering and thickening. 12 . Cirri, tinged red in 
the morning early : before 8 it was overcast, and rain fell. 
13. a. m. Cloudy : a shower at evening. 14 to 20 . Occasional 
showers, some of which were heavy rain. 


RESULTS. 

Prevailing Winds northerly. 

Barometer: greate&t observed elevation, 30‘S0 in.; least 29'43 i 

Mean of the period 29*889 inches. 

• 

Thermometer: greatest height 85° > least 37°; 

Mean of the period, 57*93®. 


in- 


Evaporation, in. Rain 1*06 in. 


Tottenham, 
Sixth Monthy 22,18L3. 


^ HOWAHjp. 


For the greater pill’t of the observations on the barometer and 
thermometer, for the present period, 1 am indebted to my friend, 
John Gibson, of Stratfofd. • 
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ft 

On common Ink for writing. By Dr, Bancroft, B. R. S. 
isle. From' his Researches into Permanent Colours. With 
additional Remarks. 


hikshavflM ♦•n 
utuall^' black. 


The ancients 
knew the 
black from 
jtalls and iron, 
but nut us an 
ink. 


C ICKRO ('I'uscul. 5,) has given a copious statement of the 
important benefits resulting to mankind from the use of 
ink 5 but probably they might, with more propriety, be ascribed 
to the art of writing, than to the means of exercising* this art, 
of which ink is but one, though certainly It is not the least 
interesting among them. 

The Latin name of ink, a/ramentum, and the Greek name 
of writing ink, i^lhviypapKov, strictly denote a black substance, 
and authorize us to conclude, that this was originally and ex* 
clusively the colour of the liquids employed for writing ; 
though afterwards other coloured fluids were applied to the 
same purpose ; and tlien to the names signifying black ink, or 
black matter, other words signifying red, yellow, &c. were 
ineongruously united^^ 

It appears that the ancients bad not, even in Pliny’s time, 
become acquainted with our writing ink, or at least with the 
use of it as such, even though the black, produced by a com¬ 
bination of iron with the colouring matter of galls, oak, baik, 
&c. wks frequently brought under their observation by shoe¬ 
makers, who gave this coIc|ir to their leather, as they do at 
present, and by the very same means ; it seems probable, also, 
that galls were used to ^ye black with sulphate of iron, at the 
time when Pliny wrote his comprehensive work ; for in his 
xvitil book, chap, (i, after^mehtioiyng that all trees which pro¬ 
duce acorns aflbrd galls, Plin/ adds, that those of the oak 
hen\eris, (wbifh he had previously mentioned as bearing the 
largest acorns) were the best and most suitable for tanning lea- 


« it Ycruni tamquam pecuUarc nigro colori, esse censeo hoc atra- 
mmti nomen ; quanquaiu pro pigmentis scriptoriis singulis, et diversi 
ooloribus asarpatum sit.” Caueparius. Jdl.« 
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ther\ that those of the broad-leaf’d onk wore ligliter nod Ic'S 
esteemed; but that it moreover produce*, a bort of black galls, 
which were more useful in dyeing ;* and ihese he mentioiii 
again in the next chapter; and in the 4th chapter of his 20th 
book also ; where, after describing the diftcrent sorts of galls, 
he adds, that they ail possess similar properties, and dye hair 
or wool black, Omnes capilios denigrant.” Thai their co¬ 
louring matter was combined with isoii for this purpose, is not, 
so far as I can recollect, expressly stated any where, but that 
Pliny was acquainted with the colour produced by such combi¬ 
nation, is evident from the 11th chapter of his thirty-fourth 
book; in which, after mentioning the salt of copper (blue Galls a vor> 
vitriol) as being frequejitly adulterated by that of iron (green 
vitriol, which the Greeks call chalcanthon) he observes, that 
this adulteration might be detected by impregnating^paper (that 
of the papyrus, with an infusion of gall nuts, and then smear¬ 
ing it over with a solution of the cuprous salt, which, if so 
adulterated, would produce a black colour. ' (*‘ Deprchendilur 
& papyro galla prius macerate : nigrescit statim aerugine 
illita.”) But the knowledge which the ancients possessed of 
the production • of a black colour by a combination of iron 
with galls, oak bark, &c. is demonstrated by the use which 
they made of a solution of iron, to give that colour to tanned 
leather. This solution, or the sulphate of iron, dissolved by 
water for that purpose, was generally called by the name of 
“ atramentum sutoriumf,” shoe-maker’s black. The Greeks 
and Homans, indeed, had incorrect notions of the nature of 
the sulphate of iron, and suppos^ it to baar some relation to 
copper, as the moderns did long after ; *an error which occa¬ 
sioned it to be commonly called, as it is even at this lime, cop- 

• • 

• “ Set! giillam Uemeris optirniUA, &, roriis pcrticiVxidis aptissiuiam : 
iltiiiilembuic lati fulia, sed Icvibrein, multoqiie xninas firobatam ; Cit 
et nigram : duo, eniin gcuere'sunt : hate tingendis uUli<n\'’ 

f This was afierwards used lo signify bribery, and a person pul 
npoti his trial, and corniptly acfjuitled, was said to be ^‘alrainento 

sntiirio absoliitus,” absolved by sh»’t-Riakcr’s black. 

• « 


per as. 
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TIjc inks of 
the aiK'ients 
were of coal, 
and not iion. 




feras. Thus Pliny tells us, (lib. xxxiv. cap. 12,) that the 
Greeks, in consequence of this supposed relation^ had given 
the name of cbalcanthum to that substance which the Latins 
denominated atramentam sutoriura ; and after mentioning bow, 
and the places where it was produced, its colour, transparent 
glossy appearance, &c. he adds, that being dissolved or diluted, 
it served the purpose of staining leather black*’^. 

Bat, notwithstanding this knowledge of the black, pioduced 
by iron with galls and other matters, than employed for tan¬ 
ning skins, (among which were the pods of an Egpytian acacia, 
the cups of acorns, &c.) no application of this knowledge, 
for the production of writing ink, appears to have taken place, 
when Pliny wrote his history ; for in hi8';.hirty-fifih bock, chap. 
a, after mentioning the black pigment employed by painters, and 
describing it as being obtained like our lamp-black, by burning 
rosin cr pitch hi places which, be says, were constructed pur¬ 
posely to hinder the escape, of smoke, he observes, that the 
2'c.vMvas obtained from torch wood, or pilch pine, though fre¬ 
quently adulterated by the soot collected in furnaces and 
bagnios; and this, hear!dst is cmplnyv.d to tvrlte books He 
afterwards adverts to the wonderful nature of the cuttle fish 
and its ink, (of which, and of the use made of it to conceal 
themselves when in danger, be had given an account in the 
29 tli chapter of his ninth book >) but observes, that no use 
was made of it as ink. Mira in hoc seprarum natura : sed 
ex his non fit." In the same|Chapter, Pliny adds, that, for the 
purpose of writing, the lamp biack, or soot, was rendered much 
more useful by being i^ixed with gum, and for painting, by an 
achlilxture of blue—perficitur librarium gpimmi, tectorium 
glutino admlsto.'’ And any person w|io will take the trouble 

r I 

of mixing lamp black thickened a little by gam> 

f “ Gracci cegnationem ®ris nomine fecernrit & atraniento sntorio*: 
appellatU enim cbalcanthum: iice ullins, !c4iio inira natura csf.” 

—- —dUuendo JU atratnevtum tiitg^rndu eoiiis.. Plin. xx\iv» 

cap. 13. o 

f Laadatifsimiim eodrm niodoftt etedin-” adnlteratar foraacam 
ha\hnrvsm<iwfHligiHe,quo ud ylumim sciil'mimutmtur,” 

may 
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may obtain an ink of no despicable quality in other respects, 
and with the advanuge of being modi less liable to decay by 
age, than the ink now in common use. 

But though the Greeks and Romans, in Pliny’s time, were The ferrugn 
acquainted with no better writing ink than that which I have 
just mentioned, the knowledge they had acquired of the colour 
resulting from a combination of gall nuts/Stc. with iron, would 
.natnrally lead them to employ the*black so produced, as ink j 
•and probably after doing so. they would htid motives to induce 
them gradually to adopt its use; as, indeed, they appear to 
have done, though 1 cannot discover from Caneparius, who 
has written a volume on the subject, any evidence of the time 
, when this substitution began. We may, however, infer from 
Sir Charles Blagden’s communication to the Royal Society, 

(in the Phil. Trans, for 1787) that in the 9 th century those who 

made it their business to copy manuscripts, used ink composed 

from iron and galls, though, pro[)ably the use of it was not so 

general, as wholly to preclude that of lamp Hack or soot in this 

way*. I shall, indeed, presently mention a composition of Indestrurtible 

my own for ink, of which lamp black is a principal ingre- 

dient, and which may probably cause the latter to be hereafter 

employed in a similar way; at least for purposes which may 

require a most durable and almost indestructible ink. Of the Account of 

writing inks most generally used in the beginning of the lyih by caTc- 

century, when the Work of Caneparius was printed at Venice, parius, 

be gives an account between paces 170 and 179 j and they ap- 


* That the use of lamp hlack*in makinfink was not wholly laid 
aside when Caneparius wrote^ appears the receipt which he has 
given at p. 176; for ^portable ink, to consist of one pound of honey, 
the yolks of two eggs, half up oniicc«of gitm ardbir in powder, as 
much lairip black as would rAider the tuisturc sufficiently black. 

• These were to be well beateu, and mixed in a mortar^ so as to m^ke an 
uniform and solid mass; of which, when watued, a iittie was to be 
dissolved in water. Even at this lime, the Boors at the Cape of Good 
Hope are said, I think, by Mr. Barrow, to write with soot and hrown 
sugar mixed in water* and 1 have often ieen such ink employed by 
farmers in North America. 


V 01 ..XXXV.—JNo. 164. 
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pear to have consisted principally of galls, sulphate of iron, 
water and gum, in different proportions, to which some persons 
added the bark of mountain ash, or the ripe berries of the 
privet; and others the rinds or peelings of pomegranates; and 
these last he strongly commends, as contributing very much 
both to the lastre and blackness of the ink ; and I have some¬ 
times been disposed to adopt this opinion ; but, probably, the 
good effects which I had occasionally observed from this addi* 
tion, may have been manifested only when, from a defect, or 
want of the galls, the proportion of iron would have been too 
great without the pomegranate peels, which, indeed, will alone 
produce a good ink, with sulphate of iron*, 
who gives the The best proportions among those suggested by Caneparius, 
proportions, ^ pound of sulphate of iron to one 

pound of galls, with a quarter of a pound of pomegranate 
rinds, and about as much gum ; but even ink so made, would 
have been more lasting, if not blacker, with a few ounces 
more of galls. He afterwards highly commends the addition 
of a little white sugar to ink. Some persons, be tells us, em¬ 
ployed wine instead of . water, which rendered their ink less 
liable to be spoiled by freezing; and to obviate this more effec¬ 
tually, Caneparius proposes an addition of brandy to the ink. 
He observes, at page 1/2, that some ink-mahers used the black 
Hquor of the cuttle Jisht in addition- to the other matters. 
(*' Admiscent atrum liquorent sepiae piscis marini,” See.) 

Ink powder. At page 177, Caneparius diipcta the composition of' an ink 
powder, by mizing and grinding together galls, with about 
one-third of their wC-i^ht of sulphate of iron, and one-fifth of 
gum, and the same quantity of alum, (which last is, I believe^ 
now properly omitted in these compositions) and in the fbllow- 
Iron water, ing page be describes an ink for staining linen, &c. which was 

prepared by putting iron filings^ and powdered galls into the 
strongest vinegar, and placing them over the fire, until so much 

* Having uoticed some printed receipts for making ink with pome¬ 
granate peeU andsttiphateof coppeCf imtead I prepared^ sucb 

an ink; but the cofanr, as t bad expected, was merely an olive brown, 
nothUwk, f ' * 

of 
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of the metal had been dissolved^ as would produce the required 
blackness. The fluid part of the mixture was then separated 
by straining, and thickened by gum. This compo8ition,^hough 
difiering in regard to the method of preparing it, resembles the 
prosubstantive black from acetate of iron and galls, commonly 
employed at this time by calico printers. 

At page 1 79, Caneparius describes a method of restoring Ancient wrto 
the blackness of writings, which wesre become illegible by age, 
and this was by an infusion of galls in white wine, which be 
afterwards subjected to an unnecessary distillation, and then 
applied the liquor to ibe faded letters, by a sponge, or a little 
cotton, which, he sa)s, rendered them as distinctly visible as 
when first written. Prussian blue was not then knowi\ and, 
therefore, the application of its colouring matter for this pur- 
^pose, (as recommended by Sir Charles Blagden) w^s impos« 
sible 3 and that being the case, the means suggested by Cane* 
parius, (excepting the distillation^ were the best which could 
have been employed, and seem to indicate, that he must have 
justly imputed the loss of blackness in writing ink to the decay 
of its vegetable, and not of its meudlic part- 

Though two centuries have nearly elapsed since the publica- Modern re- 
tion of Caneparius’s work, no improvement of much impor- svaicJies. 
tance seems to have been since made in the composition of 


writing ink. The late Dr. Lewis, indeed, bestowed particular Dr. Lewis, 
attention upon this subject 3 and his Philosophical Commerce 
of Arts contains some accurate, as well as judicious observa¬ 
tions relating to it 3 especially ii^ regard to the use of It^wood, 
with which Caneparius does not^m to hi^ve been acquainted, 
at least as an ingredient in the compositiSn of ink. 


The desired blackness of colour, as well as its durability, in loqinnes into 
. , . , . , . the pnipor- 

this composition, depend entirely upos the proportions in which tions of iogre- 

the vegetable colouring matter,'and the oxide of iron, are^*®“*** 

united 3 though among the different recipes which have Uben 


published, the variations are so great as to manifest either cul¬ 
pable ignorance in the authors of them, gt great diversities in 
the quality of the galls, from which the colouring matter is 
generally directed to hie obtained : in some of thes^ recipes, 

B 2 equal 
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eqaal parts of galls, and sulphate of iron are directed j and in 
others, six times as much in weight of the former as of the 
latter. * Certainly galls from different species of oak, and from 
different countries, vary much in their comparative proportions 
of colouring matter ; and even among those which are com-'" 
monly called the best Aleppo galls, one pound of the heavy blue, 
or unperforated galls, will commonly prove equal to one pound 
and one half of the wh%te% from which the insect has escaped, 
and which, from their having been longer upon the tree, with 
large perforated or open cavities, exposed to the weather, and 
particularly to rain, will have suffered a considerable loss of 
colouring matter. These two sorts of galls, as commonly im¬ 
ported, are mixed together in nearly equal portions, and arc 
then called gaXU in sorts, which are to be understood as meant 
by me when the contrary is not expressed. 

Of such galls, 1 think, from the results of numerous expe- 
periments, that three pounds ^ill afford the most suitable pro¬ 
portion of colouring matter, for one pound of sulphate of iron, 
when the former is intended to be obtained exclusively from 
galls; and when logwood is to be employed conjointly, with 
the latter, the galls may be diminished at the rate of one half 
of the weight of logwood. In regard to the proportion of 
galls to (hat of sulphate of iron, my opinion accords with that 
of Lewis, who found that three pounds of the former to one of 
the latter, commonly produced the best and most lasting 
iuk. llibaucourt, indeed, thinks two pounds of galls sufficient 
for one of sulphate of iron, aikl certainly with this proportion 
an ink may be prodused sufficiently black j bot not 80> durable 
as it would be with a larger proportion of vegetable colouring 
matter. 

In regard to the use of logwo^, Chaptal does not consider 
it as being capable of adding any thing to the blaekness of ink, 
nia*de with galls and sulphate of iron, in suitable proportious ; 
but he thinks that it'contributes to tunder a precipitation of 
the colouring mattes, and that the ink, of jwhidk it is a com¬ 
ponent part, is, by its use, rendered more smooth, or fnarrow- 
like (mqelleux) and the black in appearance mure soft } and 

that 
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tliat the strokes made with it by the pen are more clean. To 
mej however, logwood has always seemed to give additional 
body or fulness to the colour of ink, though it cannot be sup« 
posed to render it more lasting 3 for, by many experiments, t 
have found, that neither on paper, or parchment, any more 
than on linen, or cotton, or, indeed, wool, was the black re¬ 
sulting from a combination of logwood and iron, of ec^ual du¬ 
rability with that from galls and iron* And it may, therefore, 
be best in making ink, to employ, as Chaptal advises, only half 
as much in weight of logwood as of galls. He thinks, also, 
that the addition of sulphate of copper, in the proportion of 
one ounce to every fifteen ounces of galls, produces a good 
effect 3 that the bluislf tint which accompanies ink when first 
made, even in the most suitable proportions, (until fufScient 
oxigene has been absorbed) will be sooner overcome by this 
addition, and that it will also contribute to render the ink more 
lasting. « • 

But of this last effect I am very far from being convinced 3 
because it has been fully ascertained, by experiments which 1 
have repeatedly made, that the colouring matter of logwood 
cannot be made so durable upon either paper, wool, silk, linen, 
or cotton, when united to an oxitb of copper, as it is with 
that of iron 3 and though, by producing a dark blue with 
copper, it may improve the shade of black resulting from the 
iron and galls, this blue, by fiiding sooner than the black which 
logwood produces with iron, (when no copper is present,) must 
render the ink so much the less durable. I have here supposed 
theeffi^t of copper to result exelosivdlg from its union with 
the colouring matter oHogwood 3 for with that of galls it can 

produce neither blue nor black. 

• • 

(To be^ntinuedj 
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' IV. 

f 

Observations on the faU of Stones from the Air^ or AeroUtes. 
By M. MAuegL DE Sbmrbs^. 

T he phenofpenon of the fall of stones is in itself so singu¬ 
lar, that we ought, not to be surprised, that although it 
)iad been observed by a number of enlightened tnenf, it should 
have been long .doubted whether such an event had really taken 
place. The ancients, who were much more credulous than the 
tnoderns, have almost universally admitted of the fall of aero¬ 
lites f but when attempts were made to^ccount for the various 
terrestrial phenomena, the existence of these was totally denied, 
because it was scarcely possible to explain their formation. 

The first natural philosopher who, in modern times, has dis¬ 
cussed the origin of aerolites, and proved their existence, is 
Albert Groot, or Albertus Magnus, whose numerous writings 
compose near twenty-two volumes in folio^. But from his 
time until Chladni, that is to say, from the thirteenth century 
to ot)r time, naturalists and philpsopbers have scarcely paid any 
attention to this phenomenon. It has, however, become neces¬ 
sary to admit their reality, and has been verified, 

many writers have mentioned the great number of proofs the 
ancients haye left tls of their exislence§. If the writers who 

* Ann. de Chii|nie, LXXXV. 862. 

t Pliny speaks of stones fallen from the skies, as having seen them 
himself. £go vidi VocoHti9num agroy paulo ante delutum^ IM. IL 

caput 60. 

t Albert Groot was bom at Lawin^en, in Swabia, in the year 1205. 
He was bishop of Ratisbon, and fultivated the sciences with some 
sncceK. His history of animals is remarkable for the time in which 
it appeared, tfibiigh the main part of the work is borrowed from Aris¬ 
totle and Ids commentators, especially Avicenna. 

§ Memoires siir les Adrolithes, par Qiladoi. Jonnial des mines, 
tom. XV, XXV, et XXVI. Lithologic atikospheric par M. Izam. 
Memoire bistoriqoe etphysique sur la chute des pierreSj^par M. Bigot 
de Morogtaes. . 

have 
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hare been occupied with this department of research, may 
have ^hausted every thing which relates to erudition on this 
subject, it appears, at least, that they have been unacquainted 
with the various opinions which have lately been made public 
in order to explain the formation of aerolites. Several Ger¬ 
man writers have, in fact, adopted an hypothesis on the subject 
of these meteors, which the French natural philosophers have 
not given an account of, either because the writings which con¬ 
tain this opinion*, have not come to their knowledge, or that 
the German language is but little cultivated. My present obser¬ 
vations have no other object than to repair this slight omission ; 
and in mentioning the hypothesis admitted by certain German 
writers, we cannot avivd referring, in some degree, to the work 
which M. Bigot de Morogues has recently published on the 
same subject. t 

We may reduce to three principal hypotheses all those which Hypotheses to 

have been advanced, in order to explain the production of aero- f®’’ 

• ^ ^ falling stones. 

lites. Some ascribe to them an extra atmospheric origin, 
and others, on the contrary, consider them as formed in our 
atmosphere; and others have been of opinion, that aerolites 
have their origin in the earth. But all these explanations will 
require to be again subdivided accordingly as the formation of 
the aerolites are ascribed to one or other of these causes. Thus, 


amongst the philosophers who have given these stones an extra 
atmosplieric origin, we find—Isi. That some, and among them 
Pliny, suppose them to come from the sun, from which he come from the 
deduces their black colour, or iitber their appearance of having ’ 
been burned (calore adusto.) , • 

2d. That others, agreeing with C^ladni, consider them as they are 
smallinsulated planets, or rather with M. Lagrange, as frag-pl^^^* 
mentsof small planets. • * 

3. Lastly, some with the ilustriouf author of the Mecanique 
* Celeste, are of opinion, they are bodies projected froi& the from the mooo; 
moon, which notion has been adopted by the greatest part of 


the English philost^bers. 


* Journal de niysique de ^hw^ger, tom. V. 

• • 


Those 
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Those observers who, oil the contrary, have given an atmos¬ 
pheric origin to aerolites, ba^e thought, H 

that tliey ar? ist. That they have been produced in our atchosphere by the 
«?e ai"**^** combustion of inflammable gases, which contain in suspension 
or in solution, metallic or earthy particles. 

or otherwise 2 d. Or they have been produced in the same manner as the 
produced , 

are formed in plants, as the experiments of 
Schrader and Crell seem to have proved. These philosophers 
have observed, that by causing plants lo vegetate in sulphur or 
charcoal, the metals or earths which they usually contaijp, are 
also produced in them, under these circumstances, by the act of 
vegetation. 

or that they As to the natural philosophers who hrve attributed a ter- 
le*n origin to aerolites. Some have admitted* that these sub- 

chanped Ijy stances pre-existed in the places where they were found, having 
lightning. ^ changed by lightning, and that they proceeded from 

volcanos, and are a species of lava. 

The opinion Which tends to make aerolites be considered ns 
formed by new combinations supposed to take place in the at¬ 
mosphere, by the contact of all those bodies which evaporation 
incessantly carries thither, is so little knbwA, that it la the only 
one to which we shall direct our observations. 


The present The authors of this hypothesis first made the observation, 

aerolites does not appear to take place equally 
their produc- in all seasons } for out of sixty-flve of sixty-six of these ^lis, 
tion in die aiy. ^ ^hich the epocha is well known, near two^tbirds have hap- 
^ pened during the months of Jtne, July, and Aogcot. And 

lastly they prove stilUfartber, that in alt the winter months the 
fall of stones is much less frequent than in a single mbnth of 
summer'. 

At what time The same observation wlhch derftonstrates the influence of 
seasons oxi th'd fall of aerolites, equally applies to the difle- 
tklien; rent parts of the* day ; for in a catalogue made with <!iare of all 
falls of metaoric Stones that have been known, sev^ only have 


* This was the opinion of tiie members of the Royal Academy of 
Sciences, during the add towards the £1x4 of the last century. 

fallen 
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fallen between midnight and noon, and even these stones have not 
fallen except during the more advanced hours of the morning— 
that is to uy, from eight to eleveh. Upon only one occasion 
this phenonsenon has been observed between the hours of eleven 
in the evening,<and six in the morning, while there exist proofs 
of thirty-six falls having occurred between noon and mid¬ 
night, and the greatest part took place between three in the 
afternoon and sun-set. 

The geographical situation of the places where these stones in wtmt 
have as yet fallen, has not been disregarded by these observers, : 

It seems to be a fact, that the number of these meteors decrease 
with the distance of *he place from the equator; for none 
have yet been seen ii^ Sweden or Denmark, and it is only in 
the southern part of Russia that four have been found ; and 
lastly, only six are reckoned to have fallen in England. On 
the contrary, the number of aerolites has been very great in 
Italy, France, and Germany. 

I he weather appears even to have a certain influence on the and in what 
fall of aerolites, for they have never been known to take place 
during cloudy weather, or in a heavy rain or fall of snow, or 
with a strong wind, especially with a north, north-east, or east- • 
erly wind. Out of forty-three falls, in which the Weather has 
been noticed, twenty-nine happened when it was warm and 
calm. The thirtieth and thirty-first were seen when the sky 
presented some dispersed and separated clouds. The twelve 
others were accompanied by rather violent storms and hail, 
as happened at those falls tq^icb occurred in 1103, 1249, 

1552. The pressure of the air seems^also to be diminished 
previous to and after the l&ll. This \vat observed in 1806 at 
Alais*, and at Stannerh, in Moravia, in 1908f, and ai Maur- 
kirchen, in Bavaria^ in Ib^ yea» 1811|, when the haavoai 
were obsctnred a short tiiii6*afier and before the meteor. 

• • 

* Analyse de I’aerolithe tombee & Alais, par M. Tbenard; Aonales 
4e Qiemie, ann. 1806, p. 108. 

f Jonnial 4e P^aique de Gilbert, tom. itKiX. Analyse par M. , 
Vanquelin Annales de Chemie, ann. 1809. p. 321. 

f Jonrdal de i^yijqae de GUher^ t<an. XklX, , 

After 
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, Their mode of After having described the circumstances which accompany 

Qf aefolitesj the authors of the theory we are speaking oi 

proceed to their origin. Oi the twentynine stones that have 

fallen during calm weather, twenty of these aerolites have 

appeared to come out of a cloud of small extent, but of a 

rounded figure, and a black or variable colour, according to the 

colour of the stones themselves; for instance, its colour was 

white in the fall wbicli was observed at Burgos, and the stones 

which came out of the cloud were white. 

A mist or A mist or cloud seems to be always essential to these meteors, 

tial to I’K fail from which proceeds the noise which accompanies or precedes 

of Htoiit's from jjjg fgjj Qf aerolites, and from which the stones themselves are 
the uir. 

emitted. The extent of these meteors is^usually not less than 
from a half league, to a league in diameter, a size very dififerent 
from (hat of the stones themselves, of which the mass is very 
frequently of small dimensions. This difference cannot be 
explained by admitting that the vapours give this extent to the 
meteor , for then the meteor would be composed of the metallic 
globe, and the vauours it carries after it, whereas the form of 
the metallic globe is always more or less round and circum¬ 
scribed. It must then be supposed, that ihe greatest part of 

these globes is not composed of metallic particles alone, whilst 
tliey are passing through the air, but of inflammable particles, 
which are consumed during their rapid course. 

The Iiinnnons appears still farther proved by the luminous phenomena 

giolu's arc nut which accompany these meteors, for they are not the same as 
«dVh\u'iiikc. those produced by ignited metallic bodies. The colour of the 

wise in a late flame is in fact white, like that of camphor or of phosphorus 
of combustion, *• 

&c. when ignited. In the aerolites of Coonecticat or Weston, which 

fell in 1607*, the light followed exactly the line of the explosions* 

% 

was extinguished with each qxplosioit, and re-appeared with the 
V succeeding one. If, as some philofophers have pretended, the 

light was the conoeqaence of the ignited state of the aerolite, 
occasioned by its rapid foil, it would i^low necessarily, that this 

state of incandescence should increase with the time of the 

c 

* Jonnu) de Physique de M. Lsm^tberie, fifoy 1808 . 
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fail; but it is almost alwa}'s thecontrar;, ^nd several stones 
that have been observed in thf- air Ijave been exliugnl^bc:J before 
they reached the ground The torni of the^e nieo'crt.-, also 
agrees very well with this opinion^, fot it is not always the 
same; the stone that fell in England go the 1 Sth of August, 
1783, assumed at one time a rouud form, and at otl)ers was 
more lengtheneti out. The eftcivescence so remarkable, that 
has been observed in several of these aerolites, appears to 


prove still farther, that they have not the metallic consistence, 
nor that these are simple vapours which surround the stone, 
because the edges areaiiways very distinct, and are not insensibly 
shaded off. In short, if contrary to all probability, the greatest 
part of this meteor ^were to be attributed to the vapours, it 
would be equally embarrassing to explain their origin ; since the 
aerolites are almost entirely composed of earthy and metallic 
parts, which can hardly be converted into vapour at the tempera¬ 
ture of our atmosphere. 

The aerolites are said to ha>*e generally moved in a parabolic Wlietlipr these 
orbit i but the angle which the parabola forms with the horizon jiiJ**'* 


is not always the same. In France, in the year 1785 * a stone Proof to the 
fell which made a bole that was nearly horizontal, and that 


Stannernf formed a cavity of two feet and only two inches ia 
depth. Other stones, like that which fell at Orleans in 1610 , 
or that which was observed in Calabria in the year 1755 , con¬ 
stantly pres^e in their fall an almost perpendicular direction. 

These facts se^m to indicate that besides gravity, there is some 
other force which, opposed ^ the direction of their weight, may 
chodify their course. We have a fresh proof of this in the 
Aerolite of Connecticut, which, befifre it was extinguished, and 
after having exploded three times, rebounded an equal number 
of times upwards, and .conseqqpnlly took a direction totally 
opposite to that which its l^eight might have caused. 

With regard to the ^ocity of aerolites, ii^ppears iageneral Theii>>vdocity. 
very great j and ofteiAquals or even surpasses that of the 
earth’s rotation j but in all these cases the acceleration is much 


.* See Qie work of Chladni, on masses of iron fklten from the sky. 
t Joomal de Gilbert, volume already referred to. ^ 


greater 



24 If 


STONES fALLlNO FROM THE AIR. 


t greater than* ivhat would have been received from a simple fall. 

Besides, according to a greahnumber of observations, it is qpite 
uniform, and not augmentea with the time of the passage, of 
these stones through the air. 

Piiration duration of this phenomenon seems also to present great 

greatly vaiies. variations j for example, it varies from a quarter of a second to 
some minutes; one singular circumstance is the deep noise 


Noisf of ex 
plosion. 


which resembles the report^ of cannon, and almost always 
accompanies the fall of aerolites, lasted in an explosion which 


took place in Russia in lysy* for four entire hours, that is 
from one o’clock till five before the stones fell. It was also 


observed in 1200, before the fall of stones which took place near 
Abdona, in Italyf, that the cloud from wjiich the stones w^e 
precipitated as if on lire, remained visible for near two hours. 


Thp ;rrcat may be further considered as a fresh proof, that besides 

vohlcirjT'shfw weight, there is a power which influences the direction of 
that tbiyaie aerolites, on remarking the small depth these stones penetrate 
pWndpaiiy by the earth. Long ago it has been observed, that if left to the 
tlif ir wright. action of their own weight, these stones ought to enter very 
deeply into the earth, if the moon was their point of departure,' 
and that their velocity ought to be influenced by their volume, 
or their mass. This, however, is so far from being the case, 
that in a shower of stones, which took place 1 768, in Maine, and 


another in 179^, in Oas^pny, there were several that fell with 
very little celerity, others very slowly, and others more swiftly; 
soniiej in short, with such rapidity, that they made a loud 
whistling in passing through the air ; and these differences ia 
velocity were not at all gpverned by their weight. Lately, one 
6 f the stones that fell at HiSnlonse in 1812 , of which the density 
the same as usual, touched the earth so lightly that it 
scarcely left any impresrion^ its ^all. Some other stones 
likewise, that fell at Agen, had not ^tlie force 10 penetrate the 
foofi ml’which thi!^ rolled: this was also observed in the stones 
that fell in 1753 nesr Tabot|. 


* Journal de Physique de Gilbert, tom..XXXl. ^ 
t laam lifeelo|^ Atne^ilwriqtte. 

t History of the Aerates feat have ftHeaia^idwsBia, Ity Magrer, 
Dvesdeu, 1805. 
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It is not less remarkable to observe, that the lar^e and small Tbc larsicr • 
stones do not fall together, but at th|p beginning of the course the 
largest are precipitated, and they become smaller in proportion 
as they approach the other extremity of the line of projection. 

This was observed in the meteor at Stannern, which moved 
from east lowest, and threw down the largest stones in propor¬ 
tion as it advanced. The meteor which appeared at yAigle*^ 
and in several other places, have exlubited the same phenomena. 

On examining the cohesion of these atmospheric stones, we They are soft 

at fir«t and 

find t^at it is not the same before as after their fall. A great bccomo hard 

number of these stones are in such a soft state, that they are 

frequently Battened on touching the earth, which was the case 

with those which felkin the years 176S, 17^3, 1808, Src. Some 

have even been seen in a state resembling fusion or fluidity, as 

were those which fell at Lesay, near Constancef, in 1^31. and 

lastly those which were picked up in Poland in the year 1796t* 

But ail these stones become solid, and even compact, some time 
after their fall. That soft state in which aerolites are often 
found, agrees very well with their shape, which is almost always 
that of a triangle or pointed figure, rounded beneath, or of an 
oval flattened at the lower part, a form which all bodies present 
when they fall from any considerable height, and do not possess 
great solidity. 

With regard to the temperature of aerolites when they reach They are irni 
the ground, it js seldom as low as that of the air, but most burn * 

frequently approaches nearly to that of boiling water } .and this 
is the most usual, since wlien 4bey fall in a certain state of soft- fallen, 
ness they adhere to little piecqis of stra\y and other combustible 
matter, without inflaming them. 

It has been pretended, in consequence of a certain number 
aerolites having been ana);^ed, that tbeirwelements are all nearly these bodies 
the same ? but have all the parts which compose them been 
carefully examined ? For^ample, has an^ notice been tSken of 

* Memoir on tbs stones whieb fellnrar L'Aigle,by Fourcroy; Annsles , 
du Museam d’Hist.JCatur. tom. Ilf. p. 101. 

t Memoirs de Lansitz, 1796. 

4 Joomal de Fliys^ae de Gilbert, tom. XXXI. , 
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that brown adherent matter, resembling a varnish, which 
covered those stones at Be^res, as well as those which fell in 
177 a, and which has again been found on those aerolites, of 
which a shower took place at Valence in I 8 O 6 ? Thisglney 
matter was sImo in great quantity in the stones of Stannern ; 
according to (he description given of it, it appears to be very 
like coom, this viscid matter is probably a residue of that, 
which in the antecedent combnstUm was not entirely consumed, 
and to which may be attributed the smoke these stones often 
' emit after their fall. 

Stime arrftlltrs There are also certain aerolites which appear very different 
from those which have hitherto been analysed; to this class 

I'lniiiiuiiiy belong tiiose small white stones covered with ice, which fell in 

iil'Cll. 

Russia*; the white pebbles which, in I5o2, made so much 
rasagti near Schleusingen, in Bavaria, and at the gates of 
Munich+, of which sj^ecicnens were for a long lime preserved. 
And lastly, the stone that fell in Ireland in \7y\,t which resem¬ 
bled a grey siliclous pebble, like those precipitated at Burgos in 
l-438 <> which were to light that the largest of them did not 
weigo cjucc half n puund, though they were as large as small 
pillows. This last fact, however sioguJ^r it may appear, may 
be considered as undoubted, since it depends on the informa¬ 
tion given by M. Proust. 

Thry appear aerolites, therefore, appear, from all tliat has been 

at tmics, and observed, to have so intimate a connection with the globes of 

under circutii- , • , 

stances having nre, that we may be almost assured that in those years m 

tl'on *to*globcs many firy meteors, there will also be 

of tire and one or more showers stones. ^And so likewise as the ignitedr 
cartliqnakes^ meteors precede or accompany earthquakes, the aerolites also 

coincide with those great phenomena. In fact, soch years as 
h.'ive been marked by a greet number of burrieanes and other 
similar phenomena, have never faifed as to the appearance of 
showdlrsof stonesi! Asa proof of this, the years I 6 I 6 , 1650, 


* Journal de Physique de Gilbert, torn. XXXI. 
t Ibid. tom. XXTX. • 

I Nonveau d’histoire naturelle, par Voigt, tom. L. 

j Journal dp Physique, tom, LX. • 

1654, 
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1654, 1668 , 1674, 1,723, 1743 , 1733 . 1755 , 1768 , 18Ii, &c. 
may be mentioned. Frequently tb^ epoclia of an eanhquake 
bas exactly coincided with the fall of aeroliic!:, as in 1654, 
where in the Isle of Fnnen, in the north of Germany, Uie same 
week veiy violent shocks of an earthquake took plaee, and a 
ahower of meteorolites fell. The same effects have been felt 
in Germany and even in Switzerland'^. Thus, on the 7lh of 
November, 1742, the day on whicb'the town of B4le sustained 
so much damage in consequence of an eartiu]uake, an aerolite 
fell at Bnsisheim, which is a short distance from this to\^'nt. 

We have already observed, that the principal hypotheses ad- Objections to 

, . ■ - II 1 . 1 J tiu'tiuorylliat 

vanced in order toexpidm all these phenomena, are reduced to boilios 

two4andamental poskions ; one of which may be called cosmic, **ome tvom ihe 
* moou. 

and the other telluric. The first bas been most generally 
adopted, especially that which considers aerolites as bodies shot 
from the moon, which pass beyond the point where the attrac* 
tions of the earth and of the moon are in equilibrio. It may 
be said, on this subject, that, in adopting this hypothesis, not 
the least attention seems to be paid to the difference of weather, 
nor to the height of the thermometer or barometer, nor to thq 
season or hour of the day in which these aerolites most fre¬ 
quently fall;—notwitbstarfding there, exists, in this respect, 
very sensible differences, which can scarcely be explained by 
adopting the theory which makes the aerolites come from 
the moon. Neither does this theory shew the relation 
which exists between the fall of these stones and the cloud 
which always accompanies tifeir fall. This cloud, even in 
some circumstances, precedes the fall^of meteorolites, which 
proves that it is not formed by the vapours exhaled by the 
stones, as certain philosophers have pretended. This explana¬ 
tion, besides, wdhld not be admissible, on account of the qnan- 
^ tity of such vapours, which ooglit to be in projportion to ^hose 
proceeding from the stone itselfj and lastly, these bodies thrown 

* See tlie work of Bertrand on the eartliqaake in Switzerland. 

f See the analysis of this aerolite, in the Itteinoir of Fourcroy : An- 
aales du Museum d’hisfoire natnrelle, tom. 111 . p. 108. * 

from 
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from the moon would certainly be consumed to tbe last atom^ 
in consequence of tbe di^ance they have to pass through, and 
yet the explosion never takes place but near to tbe earth. Tbe 
natural philosophers, who adopt this theory, consider these at« 
mospheric stones as lava, which agrees very little with the ex¬ 
tremely supeihcial and slight oxidation of these bodies. The 
same theory assigns no cause for the enplosions which always 
accompany the fill of aerolites j for, in the eruptions of our 
vricanos, they are very rarely perceived, or in a manner which 
is purely acciJcntaL The frequent, and often considerable 
irregularity of their course, the obliquity of their direction, and 
its being often nearly parallel to the ground, and still more the 
undulatory rising and falling, or jumps ofv one of these stones, 
hich proves a deviation contrary to that occasioned by gravity, 
are among the many proofs which do not allow of tbe lunar 
theory being considered as the most probable. 

And, lastly, we may add, that by admitting this theory, W'e 
cannot at all explain tbe slowness of the fail of the aerolites. 
Bodies filling from tbe moon would not arrive on the roofs of 
houses without penetrating them, or damaging them conside¬ 
rably, which circumotance has never been observed to happen. 
The duration of this phenomenon ought also to be nearly the 
same, with the slight difference which their volume or their 
weight might produce j but we know that, in some instances, 

it baa lasted for several minutes ; and under some circum- 

♦ 

stances, undoubtedly very rare, its continuance has been for 
entire hours < 


Besides these difficTlUea, whicbvre of no small magnitude, 
tlrerc are likewise other phenomena, which it would be difficult 
%• explain by tbe same theory; and thougl) these phenomena 
do not absolutely belong teftbe aa^ species atr the meteorolites, 
yet they are so intimately connected with them, that they can 
fcar^ly be seplrated. 

Aerolites tmd We might, it seems, class with the aerolites those ignited* 


S i»f fire o^ictbes which are only distinguished from them because their 
reSem- * / ® . 

1 other, masses are not metauic—but in other respects, hke the atmos*' 


pheric stociiss, they fall in the hottest months, and in c^m wea- 

ther. 
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ther. They buro in the same manner, and describe their 
Course with the sdme velocity; ||aiid at the same time the di¬ 
rection in which they approach the earth is no less variable than 
that of the aerolites. Their explosions are also nearly alike; 
and as the meteorolites, especially that of 17 / 2 , have been ob¬ 
served to have a rotation round their centre, the same has also 
been remarked in the globes of tire. 

What deserves the greatest attention is, that these globes of 
fire have, like the aerolites, a rounded form, and are of a gela¬ 
tinous consistency. In fact, a globe of hre which fell in India 
ill 1218, left, after a tremendous explosion, a large round mass 
of gelatinous matter of considerable firmness. A grey and 
spaogy mass of tbe«amc description was found at Coblentz, 
after the explosion of a ball of hre^. These remarks are not 
the only ones that have been made of the same kind.* Within 
a later period, masses of this description have been seen as 
large as a man’s headf. Silbejshlag relates, that he had even 
observed the residue of an ignited globe, which presented a 
gelatinous appearance, and was of a whitish colour|. 

The ignited meteors, improperly called shooting stars do not Shoptinjir stars 
appear to differ from the globes we are speaking of. And these 
meteors, like them, leave gelatinous masses, which areerrone- tlw ignited 
ously attributed to birds of prey, because they do not contain **®**®*‘ 
any thing which indicates an animal origin. But neither the 
ignited globes por the shooting stars, constantly leave these re¬ 
sidues, and this &ct must depend on their being composed of 
parts entirely combustible, Which are consumed by burning 
before they reach the eartlr. •To this^ oiass of phenomena we 
may ascribe the globe of fire, which, according to GeofFroy, 
bnrstinthe square of Quesnoy, the 4th of January, lyiy, 
and that whiclf^was obser^^ in Afherica in 1800, and in the 
county of Soffolk in 1802. 

• • 

* Comment, de rebus in scientift natnrali et medicinft gestis, tom. 

XXVI, part I, p. 179. ^ 

t Journal de Plaque de Gilbert, fom. VI. 

if • 

fHi^orieder ]76?abeobachteten Fenerkugel, Leipzicb, 1764. 
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Vurions show' To the globes of bre we may certainly join the showers of 
Tliev rm'iTiblc which these last arA qot <listingaishable« extept by 

Mie firy giubes. (heir great division, whilst in fhe globes the same substance is 
concentrated in a single body. A rain of this description pro¬ 
duced great ravages in Germany, in the year 823*, and burned 
entire villages. Another shower of the same nature fell in 
15? I in the great Duchy of Hesse, and, after a terrible explo¬ 
sion, ran in the streets, stil[ burning, but without causing any 
real combustion. A third shower of tire took place in l6y8 at 

V 

Sachscn-Haufent, and the inflammable matter burned for half 
an hour in the streets before it was extinguished. Lastly' that 
which fell on the town of Brunswick (Braunschweig) was 
so violent, that at the beginning the eflorts '^ere Lneflectual that 
were made to extinguish it by water+. 

(7b be concluded.) 




V. 


Report upon a Memoir of M. Benard, riiating lo the physical 
and chemical Properties of the d^'erent rays whUli compose 
the solar Light. By Messrs. Bkrthollet, Chaptax., and 
Biot, by Commission from the National Institute of France. 


Introduction. BERTHOLLET, M. Chaptal, and myself, having 

JJvJl. • been charged to examine a memoir recently presented 
by M. Beriird on the physical and chemical properties of the 
diflerent rays which compose thb solar light, we now proceed 
to give an account of iho t|ame to thC'class. 

Whether cato- The question has long been disputed among philosophers and 
ihesame.^**'*^* chemists, whether caloric and light be modifications of one and 
the same principle, or essentially diflerent frottii each other. 
Many systems have been made, in favour of each of these hy* 


* Donaeradcr Wettciimall. Num1>crK. 
t Juumal tie Gilbert, tom. XXX. 

I Ibid. tom. XXIX. 
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putheses; but the only means of deciding must consist In 
carefully ascertaining by exper^jnent, and precisely fixing the 
properties essentially attached to caloric and lights connecting * 

them in such points as afford resemblance, and opposing them 
in such as differ, so as, at length, to ascertain whether the same 
principle, always constant in its nature, but acting differently 
upon our senses, and upon different bodies, may be capable of 
producing all the variety of effects we observe. The attention History of for* 
of several chemists and eminent philosophers has been directed®*®*" ‘“qumes* 
to t|^is research. Thus, Mariotte discovered the obscure calofib 
radiating in the manner of light, and reflected in the same 
manner by metallic mirrors ; results which have been since con¬ 
firmed by the ex ptrimenls of Scheele and Pictet. M. Leslie 
and Count Kutnrord have particularly studied the inffuence 
which the nature of different substances, and siateof their 
surfaces, enables them to exercise on the radiation of caloric 
when it enters bodies, or ^capes from them. And lastly, 

M. Prevo8t,of Geneva, has comprehended all the phenomena ^ 
of radiating caloric in an ingenious theory, which, if considered 
only asasystematic disposition (as the author him8e]fdoes)enabIes ^ 
us to collect the phenomena under the same point of view, and 
connect the same by laws. Very lately M. Delaroche has added 
to these results a new fact, which seems, in a certain respect, P-wsc* througE 
to indicate a gradual and progressive transition between caloric tiie higher tlic 
and light. It is, that the rays of obscure caloric pass with diffi- temperature, 
culty through glass when they issue from a body of a tempera¬ 
ture below that of boiling vaater, but penetrate it more easily, 
and with a facility alwayvinpreasiog^aqcordingly as the tempera¬ 
ture of the radiating body is more elevated, and approaches 
more nearly to the btate in which it becomes luminous. So 
that if wec(Nf>!dcr ihestf^expenAients only, the nvjdificalion, 
whatever it may be, which it is necessary to impress on the ob¬ 
scure rays, to put them more and more tnfb a state *(o pass 
through the glass, brings them aUo nearer and nearer to the 
state in which they must be to penetrate our eyes, and produce ^ 
the sensation of vision. M. Dclaroclie has found likewise, that 
the rays of light, evhich have already passed tlj^oogh a first ric whicShave 

S 2 plate * 
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been once plate of glass, are proportionally more capable of penetrating 
pass a second; which establishes a |iew proof of the particular state 

ii&ore easily. Iq which these rays subsist, as** well as the modification they 
acquire. The results here mentioned relate to the motion of 
caloric j but its chemical action has also been studied in com* 

Obscure heat P**”*®® that of light. ‘ MM. Gay Lussac and Thenard 
effects the che- have proved, that all the changes of colour produced by light, 
jnical changes, imitated and effected by obscure heat, and by a tempe¬ 

rature not exceeding 100*’ of the centesimal thermometer. 
Other phenomena before observed were in proof that, in this 
comparison of the effects of caloric and light as to raising the 
temperature of bodies, or to produce chemical changes, a great 
difference must be admitted between the' influences of the 
rays of different colours. In fact, M. Rochon had announced 


that the heat produced by tbe different rays of the same spec* 
tram are not equal. M. Herscbel afterwards found that the 
calorific faculty increases progressively from the violet to the 
red; and he has even fixed the maximum beyond the red,—so 
that, according to his experiments, tbe most calorific rays are 
entirely, or almost totally, deprived of the faculty of enlighten¬ 
ing. MM. Wollaston, Ritter, and Beckmann, having likewise 
examined tbe other extremity of tbe spectrum, namely, that 
which affords tbe sensation of violet, have discovered, that this 


extremity also possesses peculiar properties, and that there exists 
beyond tbe violet, rays quite invisible, which, more than all 
the other rays of tbe spectrum, possess the faculty of deter* 
faqairy re* mining chemical combinations. Bat the experiments of Hers* 
Kpei-tingttir chel, though coDfirmedf.b^ several philosophers, have been 
of^He^cheU questioned by others, not lesjs skilful, particularly M> Leslie. 

It became, therefore, of importance to remove every doubt; 
respecting these uncertainties.*^ It was equally «bterestihg to 
know whether these invisible rays, or nearly so, which lie be* 
^ * yond tbd* limits of the spectrum, might, nevertheless, possess 

I • 

some of tbe properties of light: for example, whether reflec* 
tion from polished glasses could impress upon them that peculiar 
^modification, whidi M. Mains has denoted liy the name of 
polarisation, Bertbollet engaged MM. JVIa^us apdf Bexard 
‘ to 
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io undertake this double enquiryi The premature dfeatb which 
has deprived us of our colleague^ has also deprived us of the 
great information which he would, no doubt, have obtained on 
this subject; as he has already shewn in his excellent disco¬ 
veries on other parts of optics. But in this respect, at least, 
the researches he had commenced or projected have not been 
lost. M. Berard has pursued them with great care; and hav¬ 
ing terminated them with all possible accuracy, he has presented 
you with the results. 

With regard to apparatus, M. Berard has had great advantage Hdiostat nsed 
beyond the philosophers who have preceded him in his re- ^g^**^** 
searches. He made use of the helibstat which Malos had experiments, 
clhsed to be constfucted for the philosophical cabinet of M. 

Berthollet, and by means of this instrument he obtained a solar 
ray perfectly fixed, upon which he could operate at pleasure. 

By decomposing this ray of light with a prism, he obtained a 
coloured spectrum, which was motionless; and by placing very spectrum, 
delicate thermometers in the spaces occupied by the different 
colours, he was enabled to compare their calorific properties 
with the greatest certainty. He determined their chemical pro- 
' perties by placing, instead of the thermometers, such chemical 
compounds as were readily susceptible of alteration. 

He'first examined the calorific qualities of the different rays ; maximam 
they are known to be unequal. M. Bochon, who first observed of radiant beat 

IS ftt thci 

this inequalitji, placed the maximum of heat in the yellow treme red, but 
rays, where the property of enlightning is also the strongest. beyond it. 
M. Herschel fixed it outsidl the spectrum, beyond the ex¬ 
treme red rays. The expirinents o£ Ipf. Berard have confirmed 
those of Herschel relative to the progressive augmentation of 
the calorific quality from the violet to the red; but he found 
the maximui^of the heat\t the extremity of the spectrum itself, , 
and not beyond it. He fixes it at the point where the ball of 
his thermometer was still entirely covered with the red rays, 
and he saw that the temperature was gradually less and less, ak 
the ball of the thermometer was removed into the obscurity., 

Lastly, by pladng the ball of the thermometer entirely out of 
the visible spectnUoo, at the place where M. Herschel haa fixed 

the 
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hcVoiinit it Itlie masttmum of heat, the elevation of temperature above that 

Berard”» nbso-tfie surrounding air, was onfy one-fifth of what it was in the 

lute heat was extreme red rays. The absolute intensity of heat produced 
lower* 

was also less in the experiments of fierard, than those of Hers- 
chel. Do these differences depend on the material of the 
prisms and diversity of the apparatuses, or on some other phy¬ 
sical circumstance, inherent ip the phenomenon itself ? On 
this we cannot decide. r 


Roth pencils 
is&ning from 
Iceland crys¬ 
tal, had like 
properties. 


M. Berard was desirous of knowing whether these properties, 
obtained separately in each of‘ the pencils into which a ray of 
light is divided when it traverses a rhomboid of Iceland crystal. 
He passed a beam of solar light through a prism formed of p 
piece of the same kind of crystal. Each of these tvvo spee- 
trums presented the same properties, [n both of them the 
calorific properly was gradually less from the violet to the red, 
and it still subsisted beyond the limits of the visible rays. 
Consequently, whether this faculty be inherent in the luminous 
rays themselves, or be foreign Iq them, it is divided along with 
them when they arp separated by the crystal. j 


The radiant But in these operations, the luminous rays are polarized by 
fle^ctcdajtmlj crystal. Do the obscure calorific rays undergo a sjmijar 
with the light, effect ? In order to determine this, M. Berard received the solar 
Ukei?****^**^^** rayon a polished and transparent glass, which polarizpd part of 


them by reflection. This reflected ray was afterwards received 
on a second glass, fixed on an apparatus which allowed it to be 
turned round the rsy with a constant incidence, and lastly, this 
incidence was itself so deternjinedg. that in a certain position of 
the glass, the reflection f^^ed to i;^ke; place. We know, from 
the experiments of Malus, that a glass can always be so disr 
posed as to answer this condition. This being effected, M. 
Berard received the calorific i»nd lurotnpus rays d?ler the reflec¬ 
tion frpm a second glass upon a (coqcave) mirror, and by di¬ 
recting 'them updii a thermometer, he found that when the 


When the light luminous reflection tboHi}Iace, the thermometer rose, and con- 
Sansmltted ‘Ij® heal wa# reflected also; but in the case wficrej, 

theheat was so in consequence of the position of the secemd glass, the light 
^*'"'“** passed ^Kougl^ reflection, the heat was transmitted 


the 
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the same timej and the thermometer did not rise.* So that in 
this experimentj as well as the j^eceding, the calorific prin¬ 
ciple, whatever it may be, accom)>anies the luminous particles, 
and is never separated from them.' 

Instead of the beam of solar light employed in this cxperi* Caloric radia- 
ment, M. Berard substituted a pencil of radiating caloric body not lurai' 
emitted from a very hot body, but either scarcely red, or totally ****' 

obscure. The effect was the same as before. The thermome¬ 
ter rose when the second glass was In a position which would 
have^enabled it to reflect light; but when this reflection was 
not possible, the temperature continued to be the same as 
the surrounding air. Hence it is proved, that the invi<>ib]e 
particles which conipose the rays of obscure caloric are modi¬ 
fied by reflection precisely like the particles which compose 
light. 

After having studied the calorific properties of ihfe different chemical pro¬ 
rays of the spectrum, M. Berard has attended to their chemical pertiea of rays 
. ^ at the violet 

properties. It is known, that when the muriate of silver, or extremity of 

the other white salts of silver, areexposed to light, they become spectrum, 
blackened in a very short time. Gum guaiacum, thus exposed 
to light, passes from yellow to green, as has been observed by 
Dr. Wollaston ; and lastly, Messrs. Gay Lussac and Tfaenard 
have shewn us a chemical action still more prompt and energetic; 
for, by exposing to a ray of solar light a mixture of hydrogen 
gas and oxigenated muriatic acid in equal volumes, a detonation 
instantly follows, of which the product is water and muriatic 
acid combined together. T^ese several phenomena have served 
M. Berard as reagents to •examine and put in evidence the che¬ 
mical powers of the different rays *of the spectrum ; for, by 
putting into the spaces occupied by the difl[erent colours small 
pieces of caaii* impr^nated with muriate of silver, or small 
phials filled with a mixto^ of the two gases, be was enabled to 
judge of the enei^y of the cause by the intensity and e-apidity 
of tbe chemical changes produced in the substances soex'posed 
to the different rays. In this manner he ascertained, that the 
chemical ^operties are, in fact, tbe most intense towards the * 
ytplet extremity {ili the spectrom, and that they extend, as 

* M. Ritter 
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M. RUter and'Dr. Wollaston bad annouQcedj a fmall distance 
beyond that extremity. AncKarther, by leaving the sabstances 
exposed for a certain tinie to tae action of each ray^ which the 
immobility of his spectrum enabled him to do^ he succeeded in 
observing sensible effects, though of an intensity* continually 
decreasing, in the indigo and blue rays, whence we may con¬ 
sider it as extremely probable, that if he could have employed 
re-agents still more sensible, he might have seen effects of the 
These are not Sana? description, though more feebleeven in the other rays. To 

governed shew clearly the extreme disproportion which exists in this 
either by the . , , « , 

light ortho- respect in the energies of the different rays, M. Berard con- 

lieat. centrated by a lens, all that part of the spectrum which extends 

^rom the green to the extreme violet, and^e collected in tj^e 

san)e manner by another lens, all that portion which extends 

from the green to beyond the extremity of the red. Tiiis last 

beam was united in a white spot, of which the eye could 

scarcely support the brilliancy 3 but nevertheless the muriate of 

silver remained exposed for more than two hours, to this strong 

light, without any sensible alteration. On the contrary, by 

exposing it to the other beam, of which the light was much lass 

vivid, and the heat less strong, it became blackened in less than 

ten miuutes. M. Berard concludes from this experiment, that 



the chemical effects produced by light are not owing to the 
heat atone, which it developes in bodies by combining with 
their substance 3 because on this supposition the faculty of pro¬ 
ducing chemical combinations ought, it should seem, to be 
stronger in the rays which have the,greatest power of producing 
heat. But we may, perhaps, hod Ifss difficulty in these two 
manners of contemplating Ibe subject, if we pay - attention to 
the diversity of results, which may be produced by the same 
agent placed in different circuqpstancear and also that ^ents of 
a nature totally dissimilar, may nevertheless deternune combina¬ 
tions perfectly idenricai when they are used. * 

Such is the abstract of the principal hicts which M. Berard 
has established in bis memoir. -To great accuracy be has 
joined a most methodical expoutiaii.. He has presented the 
phyucal properties of the different rajrt, as |be results of 

experimental 
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experimental research^ of which be forbears to seek Hie cause 
by hypothesis ; and be has constanlly restricted himself to 
terms sufficiently general to allow of tlJeir being applied equally, 
whether the properties desetibed may belong to principles of a 
nature really different and combined with light, or whether 
they may simply arise from original differences between the 
particles of one identical principle, which, according to the 
various circumstances of mass or velocity, or both united, might 
become capable of producing chemical combination, vision, or 
heat. 

Without undertaking to decide between two opinions, which They disenss 
both of them go beyond the conclusions afforded by the observed 
facts, sre may nevertheless consider their respective probabilities bp tbree kinds 
and compare the number of hypotheses necessary in each of kfnd^having"* 
them to represent the number of facts. If we consider the solar diree distinct 
light as composed of three distinct substances, of which tiie one 
produces visible light, the other heat, and the third effects 
chemical combinations, it must also admitted that each of 
these substances must be separable by the prism, in an infinity 
of different modifications like light itself, because we find by 
the experiments, that each of these three prindples, whether 
chemical, illuminating, or calorific, is diffused, though not in like 
proportions, over the whole of the spectrum. So that we must 
conceive in this hypothesis, that there exists as it were three spec* 
trams superposed one upon the other j namely, a calotific spec¬ 
trum, a chemical s^trum, and a luminous spectrum. We must 
likd^wise admit that each of tbf substances which compose the 
three spectrums, and even each of the ^particles of unequal 
fefrangibility, which compose these substances, are endued, like 
the particles of visible light, with the property of being polariz¬ 
ed by reflecttoo,«f afterwards eluding the reflecting energy in 
the same positions as the luminous particles, fee. Now instead of 
this oomplicatiou of ideas, let us simply conceit, agreeably to 
the phenomena, that light is composed of a collection of rays 
unequally refrangible, and eonsequently unequally attracted by 
bodies; which suppCses original difSerenoes is their masses, 
their .velocities, or their affinitiet. Why should piese rays, 

which * 
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admit only 
one kind of 
rays. 


X «. 


whicb di*ffef in so many other respects^ produce upon thermo¬ 
meters and upon our orglns^ the same sensations of beat and of 
light ? Why should tbe}< possess the same energy to form or to 
disunite combinations ? Would it not be more consistent vrith 
natural effects, that vision should not be operated in our eyes, 
except under certain limits of refrangibility, and that an extreme 
of this quality, either too much or too little, should render the 
rays alike unfit to produqe the effect. These rays may, perhaps, 
be visible to other eyes than ours ; and may probably be so even 
to certain animals, and then the marvellous in their vision would 
disappear, or rather it would indicate a fact in the general mode 
of action of ligiit. In a word, we may conceive the calorific 
quality and that of chemical power, to irary through thekwhole 
extent of the spectrum at the same time as the refrangibility, 
but according to different functions ; so that the calorific quality 
shall be at its minimum at the violet extremity of the spectrum, 
and at its maximum at the red extremity ; while on the contrary, 
the chemical faculty being 'expressed by another function, 
would be at its minimum at the red extremity, and acquire its 
maximum at the violet extremity or a little beyond it. This single 
supposition, which is only the expression of the most simple of 
the phenomena, equally satisfies all facts antecedently observed, 
and it moreover gives a reason for those which M. Berard has 
established, and even anticipates them. In fact, if all the rays 
which produce these threeclasses of phenomena be light, it must 
follow that these phenomena will be subject to the law of 
polarity iu its passing through Iceland crystal, or in being 
reflected from a polished glass at ^determinate incidence; and 
when the rays shall have received these modifications, it must 
follow, that they will be reflected from another glass, if duly 
placed for the exercise of ils refieoSing force wfaa light j and on 
the contrary,when this force isnofihiDg with r^ard to. the Visible 
lansinous particles, the invisible light will not be reflected; for 
tbe.same cause, which occasions reflection to take place or not, 
appears to be exerted on all the rays whatever be their refrangi- 
bUity, and consequently it must act upon the invisible rays $ the 
<SoodtUon ef.visibUUy pr invisibility being^r^ative to oar eyfs,and 

not 
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not universally to the nature of the particles themselves, which 
produce our sensations. But though this manner of regarding 
the facts appears to us the moat naturaf and simple, we cannot 
but approve the wise reserve of M. Berard, by which be has 
governed his writing, and has avoided any decided conclusions 
upon questions, respecting- which experiment has not yet 
afforded any determinate results. 

The class has attended with pleasure to the detail of these Rccommenda- 
. . . , , . j L it. to the 

interesting experiments, when they were presented by the ^jggg, 

author, on that day in which he shared with M. Delaroche the 

prize, proposed for the specific heats of the gases. We submit 

to the class, that they should confirm by their approbation this 

new ailfi valuable worfr, and ,we consider the same as veiy 

worthy of being printed in the collection of Memoires desSavans 

(Strangers. 

(Signed)’ BERTHOLLET, ‘ 

CHAFTAL /ND BIOT, Commissaries. 


VI. 


On the Theories of the Excitement of Galvanic Electridly j ly 
William Henry, M.D. F. R. S. tsfc*. 

S EVERAL tbfories have been framed to account for the 

origin of the electricity, which is excited by the Galvanic 

pile, and by similar arrangemeftts. Of these, the first in the 

order of time was proposed b^ the distingtf shed philosopherf to 

whom we are indebted for some of the earliest, and therefore 

the most difficult, steps in this department of science. The Experiment of 

hypotheiis was su^ested by\ fact,Vhich may be considered, 

•indded, as fundamental to it. It had been observed by Mr* eiccuified by 

• * # contdcte 

Bennet, so long ago as the year afterwards confirmed 

by Volta himself, that electricity is excited by the simple appo- 

* Manchester Memoirs, II. N. Ser. 293. 
t Signor Volta, in Nilh,olson*s Journal, 8vo. i, 135^, • 
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sition of different kinds qf metals. The best way of exhibiting 
this fact is to ta:ke two discs or plates, the one of copper, the 
other of zinc j to apply them to each other, for an instant, by 
their flat faces, and afterwards, separating'them dexterously, to 
bring them into contact with the electrometer. The inslra- 
ment indicates, by the divei^enee of its gold leaves, what kind 
of electricity each of the plates has acquired ; which proves to 
be positive in the zinc plate, and negative in the copper one. 

Toltasuppo^ To explain the phenomena, in the experiment which has 

the electricity 

to be set in “C®” described, it has been supposed by Volta, that, during 
the contact of the plates, a movement of the electric fluid takes 
pl^e from one plate to the other } and that the zinc acquires 
just as much as the copper has lost. The metals, theretbre, he 
denominates motors of electricity t and the process itself electro-- 
motion, the latter of which terms has been adopted by Mr. 
Davy. From subsequent experiments, Volta ascertained that 
the metals stand to each other, in this respect, in the following 
order ; it being understood that the first gives up electricity to 
the second ; the second to the third j the third to the fourth j 
and so on : 


Silver, 

Copper, 

Iron, 

Tin, 

Lead, 

Zinc. 


His tlicory It is to this transference of electricity, that Volta ascribes the 
of^the pUe^are the phenomena, exhibit!^ by Galvanic combinations, 

and view, the interposed fltiids act entirely by their 

mere con- power of conducting electricity, and not at all by any chemical 
ductors. property. The efiect of a*'8erie8^of Galvani^plates, ,or of a 
Galvanic pile, be believes to be nothing more than the sum.^ 
total of the effects of several similar couples or pairs. Why the 
evolved electricUy is determined to one end of the series, and 
exists there in its greatest force, I shall attempt to explain by 
the fdlowing illostiations. 

Ulbstration. jf g pjgte of zinc be brought into contacf, on both sidesy'^ith 


a plate 
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a plale. of copper^ it may be considered as acted dpon, in Alternate 

opposite directions, by equal forces, wlilch destroy each other, and^^opper*”*' 

No alteration, therefore, takes place in its state of electricity j would pro- 
. , , , .... d“cc no more 

nor does any change happen, even when we substitute, for one electro-motion 

of the copper plates, a third metal j on account of the trifling * j”ff\ 

difference between the electromotive powers qf bodies of this pUte of fluid 

class. But liquids, possessing this power in only a very small 

degree, may be brought into contact with one of the zinc «avli pair, the 
- I - electro-motive 

surfaces, without impairing the electromotive effect ; and acting power of this 

merely as conductors, they convey the excited electricity from Ymal? to 

the zinc plate, across the contiguous cell, to the next copper produce elec* 
, ^ ' tro-motion at 

its surfaces. 

Let iis imagine, then* a series of copper and zinc plates, each pair 
' . .. .. « . would have ita 

arranged m pairs fur any number of repetitions; (See the fan energy. 

Diagram in plate 5, fig. 2,) with cells between each pair for the Numerical 
purpose of containing a fluid. Before these cells are flllhd, every fiymb™ls”wUh 
copper plate will, according tor the hypothesis, be in the state of reference to a 
negative, and every zinc plate in th*at of positive electricity. Let 
os farther suppose the natural quantity of electricity in each 
copper and zinc plate, before they are brought into apposition, 
to be denoted by q, and that, when the electricity has passed 
from the copper to the zinc, the ratio of the quantities in each 
may be as l : m*. Let now the cells be filled with a conduct¬ 
ing fluid ; every pair of contiguous plates of copper and zinc 
will still maintain their relative proportions of electricity, viz. as 
1 : m. But, by reason of the conducting power of the fluid, 
the electricities of the first zinc second copper plates will be 
equalized ; as, in succession,* wjll be ajsg those of the zinc 
plate 2, and copper plate 3, &c. Now in order to find the 
relative quantities of electricity in the several pairs of plates, 
when an equilibriinMi in the ariaingement is eflwted, if n equal 
the number of pairs of plates, then 2nq ss the total quantity 
ot electricity in all of them tdten together. "Let a? = Ae 
quantity of electricity in the first copper plate of the series ; 

* For the algebraical expression of this theoiy, which, in the paper 
as originally read, I had stated in common numbers, I am indebted to 
my friend Mr. Dalton. * * 

then 
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then by'hypothesii^ in x ss thut of the contiguous or first 2 inc 
plate j alsomx = the quantity in the second copper plate ][hy 
reason of the conductrig fiuid j) but 1m : : mx : m’a: the 
quantity in the second zinc plate*. In like manner the quantities 
in the successive copper and zinc plates may be found, and will 
constitute this series ; 

' 1 9. 3 4 n 

Copper plates, x, mx, m~x, m^x, &c.wa?""* 

Zinc plates, mx, m^x, m^x, m^x, &c. mx” 

Hence it appears that the quantities of electricity in the 

The plates are successive plates of copper or of zinc form a peom%lrical pro- 
electrified 111 • . r 

eachsucces- gression, the ratio of which ism. Also the total quantities of 

geometricar electricity in the successive pairs of^plates form a series in. 

progression; geometrical progression, as under. 

Pairs of pi. 1 

Quant, of £1. i +m’x wr‘\ ■\-m'x m^'l -i-m x 


From the abdve theory of Galvanic action it necessarily 

i* 

follows, that if the effect of a pile be in proportion to the 
difference in the electricities of the first and last plates of the 
series, a pile of 50 pairs will not be exactly half so energetic as 
one pf 100 pairs, but somewhat less ; because the differcncesjn 
the terms of a geometrical series increase as the terms increase. 


But, in the present instance, there is great reason to apprehend 
that the ratio of 1 to in is very nearly that of equality. If so, 
blit scarcely geometrical series for a moderate number of terpis, will 
ditfering from scarcely differ from an arithmetical one. ’ This accords very 
cal oue. nearly with experience; fo^ it has been determined by 
Volta, that if a combination qf 20 pairs of plates produce 
a given effect on the electrometer, a series of 40 will 
produce double the effect j one of 60 triple, and so on. At 
the same time it is probable thg^r. the elea^vc intensity of the 
j^ates, composing each pair, relaUvely to one anoiher,*coniinue8 
unaltered, n«twitb8tanding the change in their absolute 
quantities of .electricity. 


jExplaiiatioa When a connection is established between the t wo extremities 
wridSffptiy^ of a aeries like the above, for example between the third zinc 
plate, or^^its contiguous cell, and the ^rst copper- pluie, the 
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opposite electricities tend to nn equilrbriumf The tliird pair 

loses a share of its electricity, which is'gained by the first} and 

the intermediate pair, being placed betS/een opposite forces of 

perhaps equal amountj remains in equilibrio, HeOce^ in every 

galvanic arrangement, there must be a pair of plates, at or near 

the centre in the natural state of electricity. A communica* A pilecom- 

tion between the two extremities of a pile would therefore re- “ 

^ a cii'cle, acts 

duce it to a state of permanent inaction^ if there did not still by its elt-ciro* 
exist some cause, capable of disturbing the equilibrium. On 
the hypothesis of Volta, this can be nothing else than the pro¬ 
perty of electro motion in the metallic plates, wliich has been 
described as the primary cause of all the phenomena. 

Thisjheory, on first v]ew, appears sufficiently to explain the in this theory 
facts on electrical principles, without the interference of che-**”,^‘*?^'*'* 
mical action. Consistenily with the hypothesis, diflerent fluids, their conduct- 
when made parts of Voltaic arrangements, produce eflects powers, 
more or less energetic, as they are more or less active in con¬ 
ducting electricity j the only property, according to Volta, that 
can be considered as influencing their efficiency in the pile. 

There are severaj facts, however, which, if not absolutely irre¬ 
concilable with the hypothesis, are certainly not at ail explained 
by it. Why, for instance, it may be asked, when pure water 
forms a part of ihe arrangement, is the action of the pile sus¬ 
pended by placing it in an exhausted receiver, or in any of those 
gases that are incapable of supporting oxidation ? Why is its 
efficiency increased»by an atmosphere of oxigen gas, or by ad-not agree wlui 
ding to the water in the cells sevg-al fluids in a proportion not **'^^*’ 
sufficient to change materially jts conductigg power ? Why 
is the nitric acid, though a yirorse conductor of electricity 
than the .sulphuric, more active in promoting the energy 
of tlie apparatusJl,* Why ir^tbe pftwer of these combina¬ 
tions priSportional to the dilposition of one of the metals 
cBmposing them to be oxidized by the interposed fluid ? ThSse rtte fluids 
facts updoubtedly suggest that, in some way or other, the che- ^’y 
mical agency of the fluids employed is essential to the sustained "***"* ****“*^ 
activity of the pile, ^he principle has even been conceded by 

some 
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some disfFngaisbea electricians, who have attempted to explain 
it in different ways. 

To account for the effect of the interposed fluids, Mr. Cutb- 
bertson lias suggested a theory which is both ing^ioas and 
sufficiently feasible*. With Volta he assumes the electrorao- 
■ tive change in the metals to be fhe first in the order of pheno¬ 
mena. ‘ And when (he observes) the copper has given, and the 
xinc has-received, all tha electricity, which their mutual powers 
re<iuire, if any menstruum be presented, which is capable of 
effecting a change in the metallic property of the t^o bodies, 
a change in their electrical states must, at the same time, hap¬ 
pen. But as the alteration of metallic property is only super¬ 
ficial, the change of electrical condition will also be only at the 
surface; and the interior part of the zinc plate, retaining its 
property of resistance, the electric fiuid, evolved at its surface, 
will necessarily be propelled forwards, through the menstruum, 
to the next copper plate of the series. This, however, can only 
happen in a progressive manner, because the fluid is but an im¬ 
perfect conductor, a condition indispensable to the maintenance 
of any galvanic intensity. * 

The explanation of Mr. Cuthbertson is, unquestionably, a 
valuable supplement to the theory of Volta, inasmuch as it 
takes into account the efficiency of chemical menstrua. These, 
consistently with bis view, will evolve electricity the more 
freely, in proportion as they destroy more rapidly the metallic 
property of the plates of zinc. The hypothesis, however, is 
defective, because it fails toe account for some of the pheno¬ 
mena j—-why, for Qrqpple, tpe*^ action of the menstruum is 
chiefly, if not entirely, exerted in oxidizing and dissolving the 
zinc plates; and why the evolution of hydrogen gas, or of 
nitrous gas, occurs chiefly “at the^pper sorfA&iS., 

An bypotbfids, originally suggested by Fabrooi, and reversing 
tht^ which have beeii already stated, has been adopted by 
seveial eminent phtlow^hers in our own country. It assumes 
the oxidation of the metals composing g^vanic anrangements 


• to 


* Nicbolson's Journal, 8vo. £87. 
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to.he the and ndt the ^ecf, 'of tlie evolutiud. 0^ elec(ri~ 
city. In the solution of a metal (it has beien dbsetved by Dr. 

Wollaston^^) it vt^ould appear^ tbafieleotncity is evolved by the 
action of the acid upon the metal;, dnd^ In cases where hydro¬ 
gen is disengaged, that this evolution is' reqQired to convertHHe 
hydrogen into gas. When a piece of zinc*and another of sil¬ 
ver, are immersed in very dilute^ sulphuric acid, the zinc is dis¬ 
solved, and yields hydrogen gas; the silver, having no power 
of decomposing water; is not acted upon. But as soon as the 
two metals, placed under the diluted acid, are made to Couch, 
hydrogen gas arises also from the surface of the silver. In this 
case, it is added, we have no reason to suppose that the contact 
of tpe silver impa. ts gny new power; but merely that it serves 
as a conductor of electricity, and thereby occasions the foriha- 
tipn of hydrogen gas. 

The chemical theory of the galvanic pile, though already Bostock't 
suggested in general terms, may be considered, however, as theory, vie. 
having been a mere outline, tfll Or. Bostock undertook to give 
it greater distinctness and consistency^. To the extended hy¬ 
pothesis which he has proposed, it is necessary to admit, as a 
ground-work, the three foJlowiug postulates : IstJy, that the dxldadoli li- 


electric fluid is always liberated or generated, when a metal or berates elec- 
other oxidizable substance unites with oxigen ; 2dly, that • 

electric fluid has a strong attraction for hydrogen j and 3dly, cotnes tioitcd 
that when the electric fluid, in passing along a chain of con- g 
ductors, leaves 9n oxidizable substance, to be conveyed through and is convey- 
water, it combines with hydrogen, from which it is again dis- by it to 
engaged when it returns tq the oxidizable conductor. condoctar. 

To the efficiency of the‘pile, two circumstances, it is ob-Ej^fpianatiofl* 
served by Dr. Bostock, are essential; that the electric fluid be 
disengaged ; ^ad that it^be coi^hn^fl and darried forward in 


one dtreciion, so as to be concentrated at the end of the appa¬ 
ratus. The flrs) object is fulfilled by the onidizementoof the 


zinc j the second. Dr. Bostock supposes, is eflected by the 


• Phil. Transt. 

*^Nicholson’s Journifl, Svo, i^i. • 

Vot. XXXV.-^No. 164. T * 
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union of the evpWed electrify with nascent hydrogen, and by 
the attraction of the next copper plate for electricity. At the 
Rurfoce of this plate, the hydrc^en and electricity are supposed 
to separate ; the hydrogen to be disengaged in the state of gas, 
and the e!ectri<%ty to be conveyed onwards to the next zinc 
plate. Here, being, in some degree, accumulated, it is extri- 
cated in larger quantity, and in a more concentrated form, than 
before. By a repetition of 'the same train of operations, the 
electric fluid continues to accumulate in each successive pair; 
until, by n <:ufficient extension of the arrangement, it may be 
made to c.\isi at the zinc end of the pile in any assignable de> 
gree of f.vce. 

The hypoti^esis of Dr.Bostock agrees,'then, with that* ad¬ 
vanced by Mr. Cuthbertson, in pointing out the more oxidable 
metal as the source of the electricity, which is put in action by 
galvanic arrangements. It goes farther, however, and defines 
that change, which Mr, Cuthbertson was satisfied with term¬ 
ing, in general language, a loss of metaUic property,” to be 
the process of oxidation i and it adds, also, the important and 
necessary explanation cf the transmission of hydrogen across 
the fluid of the cells, and the appearance of hydrogen gas at 
the surface of the copper plates. In these respects, it is cer¬ 
tainly more adequate to account for the phenomena. It is 
chiefly objectionable, inasmuch as the data on which it is 
founded are altogether gratuitous. For what other evidence 
have we, than those very phenomena of the pile, which the 
theory is brought to explaiu, that'electricity is evolved by the 
oxidation of metals, oivthat hyd^oghn is capable of forming, 
wijh the electric flurd, a comtunation so little energetic as to 
be destroy«'d by the mere approach of a conducting body f The 
theory is impertect, also, in Saking^db account bf that ..change 
iotberdative quantity of electricity in two metallic plates, 
which, according to the observattous of Bennett and Volta, 
must necessarily happen when tbeic surfaces are put in aj^iosi- 
tion*. ' t 

* Beizelius seems to have proved, by a most acote and ingenions 
experiment, in hia ** Electro'dicmical Principles,? puhUsiied in, our 

The 
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The discoveries of Mr. Djiv^^ respecting the chemical Davy’s tlicory 

agencies of .the electric fluid, hav^ledbimto a theory of the 

Galvanic pile, intended to reedbeiie, in some degree, the 

hypothesis of Volta with that of the philosophers of otir own 

country. It is admitted, by this acute reosoiier, that the actlpn tbattbt>cheini- 

' of the menstruum, contained in the cells, is absolutely essential to 

the activity of Galvanic arrangements j and that the twocircuni- 

stances even bear a proportion to-each other. Notwithslanding 

this concession, he is disposed to consider the movement of 

electricity which takes place on the contact of two metals, as but the el. 

of contfHrtis 

the cause originally disturbing the equilibrium ; and the the tirstmover, 
chemical changes as secondary, and chiefly as efficient in resto* 
riflg the balance. * 

For example, in a pile of copper,-zinc and solution of Example. The 
muriate of soda, in its condition of electrical activity, the com< dUTgies of 
municating plates of copper and zinc are in opposite elecjirical 
states. And solution of muriate of soda being composed of two aiul the play 
series of elements, possessing contrary electrical energies, the adn^tted^^info 
negative oxygen and acid are attracted by the zinc, and the cousideratien. 
positive hydrogen and alkali by the copper. An equilibrium is 
thus produced, but only for an instant; for muriate of zinc is 
formed and hydrogen is disengaged. Tbe positive energy of 
the zinc platesAand the negative energy of the copper ones, are 
consequently again exerted; and thus the process of electro- 
motion contiiyies, as long as the chemical changes are capable 
of being carried on. 

The most obvious objection, which presents itself against the Objections, 
theory of Mr. Davy, is, ftiaf if the chemical agents forming part 
of a Galvanic arrangement, be merely eflectual in restoring the 
electric equilibrium, no adequate 6<M]rce is as»itgned' of that 

4ib A ^ 

electricity which gives energy to the apparatus. In other 
words we perceive, in such a process, nothing more than a 
constant disturbance of - the balahce of electricity by the action 
of the plates, and an immediate renewal of it by the agency of 
the chemical fluids. According to the hypothesis, the produce 

Joninal, XXXIV^ 161 , that oxid&tion'of tbezincin^hepileisiiotthe 

cause of tke etectricf^ and its direction. * 

T 2 tion 
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tion and annihilation of Galtpinic energy are carried on in a 
circle, leaving unexplained that itnmense evolution of electricity, 
which is manifested hf th4 most striking effects, both in 


occasioning the combustion of bodies, and in disuniting the most 
refractory compounds. 


^”ei!Mtro- whole, the electromotive power of the plates, and the' 

motion by the chemical agency of the interposed fluids, appear to be the only 
cli* mlcal'* circumstances, that can be brought to explain the efficiency of 


iisroncy of tl»c the Galvanic pile. To decide which Is to be considered as the 
nmdsarc both ^ . l- . , ~ 

operativr. cause, and which as the effect, is a difficulty not peculiar to 


this case, but common to every other, where two events, that 


are invariably connected, are not distinguished by an appreci¬ 
able interval of time. The most defedsibie view of the 


subject, however, seems to me to be that which attributes the 


primary excitement of electricity to the chemical changes. But 
it may be questioned whether the whole of the effect arises 
from the oxidizement of the rmore oxidable metal j and 
whether it is not essential to the activity of the pile that one at 
least of the elements of the interposed fluids should be incapa¬ 
ble of entering into union with the negative metal. For 
example, in a pile composed of zinc, copper, and.solution of 
muriate of soda, the oxygen of the water and the muriatic acid, 
both ot which are negative as to their electrical state, are 
attracted by the zinc, and have their electricities destroyed. 
But the hydrogen and alkali, having do affini^ty for copper, 
except wiiat arises from a difference of elehtrical habitude, 
deposit upon that metal a part sof their electricity. The 
electromotive power of tbese platee.nbw becomes efficient, and 


'J'he drcora* 
position of 
jntcrpot^daud 
partial cou- 
Mucfeors. 


determines the curreni: to one end of the apparatus, ki the 
manner already described in a former part of this essay. 

Another series of Galvanic* phehqffiena, the' ekplanatijpn of 
which is attended with some difficulty, are the decompositions 
that take place in imperfbct conductors, forming an interrupted 
circuit between the two extremities of the arrangement. When 


^ two wires, for example, which are inserted Upto the opposite 


ends of a tube containing distilled water, are connected with 


the extremitie^of the pile, the positive wire/if of an oxidaWe 


metal. 



THEORY OF GALVANISM. 


2C9 


metal. oxidized, but if of a non-oxidable metal 

oxygen oa . .ivi.iveJ from it, whilst, in both cases, a stream of ^ 

hydroget; gas proceeds from the Negative wire. Why, it may Why are the 

be asked, do the eiements of water, thus disunited. 

themselves at a distance from each other ? If the particle of tancc. 

Vater. whirh has been decomposed, be imagined to have been in 
contact with the extremity of the positive wire, the bydrt^en 
must have betn transmitted in an havisible state to the negative 
wire : but if the decomposed vi ater were in contact with the 
negatwe pole, then the oxygen must have passed imperceptibly 
to the positive wire. 

These appearances have been explained by Dr. Bostock on Invisible 
thc^same hypotbesiif, by which he has accounted for the pheno- 
mena of the pile. The electric Buid. he imagines, enters the elements, 
water bv the positive wire, and is there instrumental either in 
oxidizing the metal or in forming oxygen gas. In either case, 
the decomposition of the watgr must furnish hydrogen, which, 
uniting with the electric fluid, is carried invisibly to the negative 
pole, the attraction of which for electricity again occasions the 
Reparation of hydrogen, and its appearance in a gaseous state. 

This theory, however, is liable to some objections, 

1. It explains the decomposition of those bodies only, which Rmarks oq 
contain hydrogen as one of their elements. And though it has 

been ably contended by Mr. Sylvester, that the presence ot 
water is, in e^ery case, essential to Galvanic decompositions, 
yet tlie fact does not appear to be sufficiently established. Even 
if it were verified, the agencf of moisture might be supposed to 
consist in its giving that^ieculiar interrupted transmission, on 
whichthe efficacy of Galvanic electricity in disuniting the 
elements of bodies seems much to depend. 

2. If the j^tulate of jfig. Bost*bck be granted, that electricity 
is evolved by oxidation-, we shall be entitled to assume the 
reverse as equally true. viz. that electricity is absorbed when 
oxygen passes t« the state of gas. In cases, where the positive 
wire is of an oxidabie metal, the phenomena aOcord sufficiently, 
with the th^ry ; for by its oxidation, electricity ipay be suppos¬ 
ed to be liberated.^aod to form the required cofbbination with 

bydr^en. 
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hydrogen. But when the positive wire is of a non-oxidable 
metal, oxygen gas is disengaged j and in the production of this 
gas the electric fluid might be^ expected to act, instead of being 
employed in carrying hydrogen to the negative wire. 

The same class of phenomena has been explained by Mr* 

^ b-ivv’s thpoiy Davy on a difl&rent tlieory. According to his view, bodies ‘ 

flon*by'"hr' which are capable of entering into chemical union, are 

pii'e. Original invariably in opposite electrical states, oxygen for example,, is 
anrl i.ili ruit . , . , . . , , - 

disposition of negative and hydrogen positive. From the known laws of 

bodies to electrical attraction and repulsion, it will follow that oiwgen 

trio plates will be attracted by positive and repelled by negative surfaces, 

prsTto*«ie *** contrary process will happen with respect to hydrogen. 

oppohiie poles It is easy then to conceive that these opposhe attractions rafty 
of the pile,&c. , . , ... ^ i i 

produce the decomposition or water. To explain the locomo¬ 
tion of its elements, we may imagine a chain of particles of water, 
extending from the point P to the point N, flg. 2% and con¬ 


sisting each of an atom of oxygen upited to an atom of hydrogen. 
In flg. 2, the combination is represented as undisturbed, and 
the chain is consisting of six atoms of water. But when the 
. attractive force of the point P for oxygen, and N for hydrogen, 
begin to act, an atom of oxygen and another of hydrogen are 
removed, as shewn by flg. 3, ^nd new combinations happen 
iKtween the remaining atoms ; the second of oxygen uniting 
with the first of hydrogen, and so on. The terminating atoms 
being supposed to be removed, a new change will^follow similar 
to the first, and thus the process will continue to be carried on. 


not only when the chain of particles is a short one, but when 
it exteods to a very cbnsidfrable length^ 

This doctrine The theory of Mr. t)avy, which 1 have thos attempted to 
th/g"ner^izM- >hu8trate, derives probability from its being founded on a general 
tioi) of observ* property of bodies (their diflerent eV^rical en^^es) vi^iclx 
appears ^ be established experimentally, as far at least as ei^wri- 
ment can be applied to so delicate a sutiject. It has the advan¬ 
tage also of explaining a number of flicts, chiefly arising out of 
his own researches, which scarcely admit being brought 
uoderanyfomi^r generalization. Thus the invisible transfer¬ 
ence of an elefhent to a consideraUe cflstandb, even through 

fluids 
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fluids having a strong affinity for it« (of sulphdric atld for 
icsample throngh liquid ammonia) which is inexplicabla on any 
antecedent t^ry, is sufficiently s explained by this. Itie 
ingenious speculation of Br. Bostodc limited the carrying 
power of electricity to its acticm on hydrogen, a defect not 
imputable to him, but to the state of the science at<tbetime 
when he wrote. Since that period, the discoveries of Mr. 
Bavy have been unfolded by a trmo.of experiment and induction 
which is probably not surpassed by any thing in the history of 
the pl^sical sciences, and which will form a durable monument 
of the genius and industry of their author. 



VU. 

i 

Inquirus concerning the mutual Decompontion of soluble and 
insoluble Salts. • By M. BuLOjfo^. 

T he phenomena of the mutual decomposition of neutral Ber^ann's 
salts, so important in their application to analysis, and 
for their connexion with the general theory of chemical affi- 
nities, have been the object of research by a great number of 
celebrated chemists, since the time when Bergroann inferred, 
that the double decompositions which had been observed before 
his time, are dependent upon the same principle as those which 
take place when an insulated base or acid are combined ; a fact 
been long before known. jThe theory which he presents, in 
his dissertation on the sa^nities, .appears so natural, that not 
the slightest doubt arises of bis accarA:y. Consequently all 
the Works which have appeared for the ffillowing twenty years 
cm this subject, appear m^have been undertaken with a view 
to e^end this theory, rather than to confirm it by new expeii- 
ments. A great namber of anomalies, wlftclf were observed 
by different chemists, were met by more or leas complicated 

* Presented to the National Institnte of France, and inserted in 
Ike Ann. de Ch. 973. 
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explanalionsj frequeoily yery ing«nioa8, bat they did tiot ope» 
rate to render the truth of a principle suspected, which had 
T>ijeoveri4's been considei'eid ajs irretrocaV'ly establisbed. M. Berthoilet, by 
ol^Berth^lel W^bipitting to new experiments those facts on which the cele-s 
Ip,rated ehemi^t of Upsal had founded his doctrine, soon disco* 
y^ed that they wouid admit of another 'interpretation, and 
his learned researches have led him to an explanation of the 
phenomenon of the mutual decomposition of the neutral salts, 
which is no less simple than the first, but has this immense ad* 
v^antage beyond it, of predicting, without exception, all the 
phenomena from a mere knowledge of one of tiie most intef 
resting properties of these bodies. 

Theinsolnble Chemistry, therefore, leaves nothing fojfther to be desired 
not been duly regard to the decomposition of the salts to which (he 
attended to. principle of M. Berthollet is applicable j namely, relative to 
the soluble salts. But the insoluble salts arp also susceptible 
of exchanging their principles with a great number of the 
soluble salts. This class of phenomena, though almost as nu- 
' inerous as that which exclusively embraces the soluble salts. 


and capable of afiPordiug new resources to analysis, has upt yet 
' ' been examined in a general manner. 

Fonrcroy’s There is certainly to be foupd in the system of chemistry of 
hi'^gsDerai ^ extensive table of the mutual decompo-' 

work are coor sitions pf salts, which comprehends a considerable number of 


jectnral. 


cases of the kind In question, ^ot f am induced to believe^ 


that such decompositions as do qpt relate tp the soluble sal.tSj, 


have not been ascertained by obsepation, but pnly anticipated 
according to the theory a^c^ted by tb,is illusp'ious cheiuist. Jt 
may be maintained, in t'Jpport of this assertion, that no metuoir 
has been published ppop this subject, and that a great numbea 
of facts arp pontaiped in these tables, ^^hicb are net confirmed 
by observation, and others which evidently impotjarble. 
instances. fo‘‘ example*, V'e ihefe fipd that the fiuqte of barytes is decomr 
posed by the muriatp of soda or potaob^ and that the result. 1% 
the muriate of baiytes, and the fluate pf soda or potash. The 


f Tom. IV, p, 817. 
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author does not point under wbat circumstances th% decompo* 
sition can take place ; but a$> in order to verify it, water must 
necessarily be used, the ilcate of so^a, and the muriate of ba¬ 
rytes being both nearly equally soluble, they would immedi- 
diately reproduce the two primitive salts, without leaving any 
tsaces of their decomposition. In another placed, the author 
concludes, tliat because the phosphoric acid decomposes all the 
sulphites, it must, by consequence, ^follow, that all the phos* 
pbates can decompose them. 

I shall confine myself to the mention of these two passages, TTicsc tablet 
because it will be sufficient to look through these tables, in or- com^srd 
der to be soon convinced, that a large part of the facts they tnere intlni'* 
cont)in, have not beqji ascertained by direct observations ; and insoluble salts, 
it must also be remarked, that the theory according to which 
they have been predicted, is calculated to lead to errors, in this 
instance, more than in any other. ' 

The action of the soluble carbonates on the insoluble salts, Chenllsti have 
which appears at first to belong*to this class of phenomena, ** 
the only une that has fixed the attention of chemists. It has soluble eurbo- 
certainly been long since known, that the carbonates of potasli sails'* 
and of soda will decompose a great number of insoluble salts ; 
and thh property has frequently been employed to great advan- 
yarntage in analysis. But the theory of these decompositions, 
which, in the opinion of Bergmanri, appears so satisfactory, 
can no longer be supported, since the fundamental principles 
of its doctrine hSve been discovered to be incorrect, and the 
mutual decomposition of salts^ in particular, has been proved 
to belong to a law that is independent the different degrees 
of affinity of their principal constituents. % 

Having had an opportunity, in some particular researches, Regcarches of 
to observe a opnsiderably #xtensitiB number of facts relating be* 

to the fftntual decomposittoi? of the soluble and insoluble salts, this'iut^b* 

* I endeavoured to determine the general cause t>f ihese plteno- 
xnena, and the method of foreseeing their results without being 
pbliged to retain^ by an effort of memory, of which few per- 


T09. IV, p. 
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sons would be capable, of all the direct observations which would 

* 

be requisite to ascertain them. The considerations which have 
led me to a solution of thiso problem, being a continulition of 
the theory of the decompositions of the insoluble salts by the 
soluble carbonates, I shall begin by submitting to the judgment 
of the Class, the results of my inquiries upon that subject. 

Concerning the action of the soluble Carbonates on the insoluble 

Salts. 


Decomposi- If we examine all the analyses which have been made during 
invalnab”™* twenty years, it will be seen that a great nufmber of 

saUs by^carbo- insoluble salts have been decomposed, either by the carbonate 
aikali. of potash, or by the carbonate of soda. 1 myself have ascer¬ 

tained by direct experiments, the decomposition of a great 
number of those which had not been examined with that view 5 
and it may be, therefore, concluded from a well-founded 

AlHnsoluble insoluble salts may be decomposed by the 

«aits are so two carbonates 1 have mentioned. Some chemists have named 

deconposable. exceptions to this rule, the phosphate of lime and the fluate 
of the same base ; but 1 am convinced that this latter when free 
' from silex, is decomposed like all the others. And so likewise 
is the phosphate of lime: except that it offers a peculiarity 
which I shall notice, and which may have misled those who 


have denied the possibility of its being decomposed. But the 
soluble carbonates present, in their reaction on the insoluble 
salts, phenomena which belong to no other kipd of salts, and 
have not yet been observed j these are the phenomena I intend 
to describe. ^ 

Carbonate of Experiment A. A ^(Sulion of *15 grammes of carbonate of 
po8S*sulphate potash in 500 grammes of water, together with 15 grammes of 
of barytes ; sulphate of barytes reduced {o an iojpalpable ppwder, was kept 
bat the whole boiling for several hours. It farmed a certain qugpdty of 
not act. carbodate of •barytes $ and as the liquor when filtered still pro- 
duced a strong effervescence with the acids, it was boiled a 
second time with a firesh quantity of sulphate of barytes; but 
though the boiling was coiatinued for a lengfkh of time, it did 
not form ao/.moie of the carbonate of bary^. 

The 
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I'hc carbonate of soda comported ^self precisely in the same Carbonate 

soda had the 

manner.. haine effect. 

Similar experiments were made •with the phosphates ofThccarbo- * 
barytesj strontian, the oxalate of lime, &c. a more or less con- 
siderable part of the insoluble salt was constantly transformed othcrioROlable 
into a carbonate of the same base ; but on reaching a certain Tonsc-^ 
limit, the decomposition stopped, although there remained quencts. 
sometimes a very inconsiderable quantity of the soluble carbonate 
not decomposed. 

Since •the neutral carbonates when at the temperature of 
ebullition, retain a much great<^ r quantity of carbonic acid than 
agrees with the mutual exchange of their principles with the. 
insolu1>le salts,* it nfhy be supposed that, in the preceding 
experiments the action of the carbonates was lin>Ued from this 
cause: and in order to determine its inflnence, these same 
experiments were repeated j but instead <if the saturated 
carbonates, the fused sub-carbonates were sub>*t!tuted. 

The same phenomena occured, that is to say, a portion of the 
insoluble salt was always de/^omposed, but the decomposition 
stopped at a certain period, though the sub'carbonate of potash 
or of soda, were still in the liquid. 

1 am convinced by comparative experiments, which it would 
be useless to relate, that the different degrees of concentration 
of the solution, produce but very slight variations in the results 
of this decomposition. 

Experiment B. After remaining a long time in a state of 
ebullition, with a considerabl^excess of sulphate of barytes, a 
solution of the 8nb-carjbonlt» of potasla, which consequently 
would no longer have any action upon tbi? salt, to the filtered 
liquor was added a small quantity of caustic potash, merely 
contaiiHQg the traces of carbonic acid, and it was then again 
boiled with a new portion of sulphate of barytes. After an 
hour of ebullition, the residue contained a considerable quantity 
of carbonate of barytes : as care had been taken to add a, great 
of Bulphate^of barytes, it is evident that the solution 

* Bfeni.d!ArciieU, tom. II. p. 49’4. * 


could 
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could no longer act upon (his salt; nevertheless it contained a 
tolerably large portion of the carbonate of potash not dwompos- 
ed. Upon fresh quantities of alkali .being successively added, 
and at each addition the above mentioned operation repeated* 
each time the carbonate of barytes was produced, but by 
degrees in smaller qoantities. After four operations of the safne 
description, there still remained a small portion of carbonic acid 
in the liquid. 

The sub-carbonate of soda, and pure soda presented the 
ssme phenomena. 

As the sub-carbonates of potash and of soda comported them¬ 
selves in t^e manner with regard to all the insoluble salts, I con¬ 
sidered it to no purpose to subject the ollt^rs to this proof.* 

The result of the preceding facts is, that the sub-carbonates 
of potash and soda can never be entirely decomposed by any 
insoluble salt. Some comparative experiments made with 
several of these salts and the sub-carbonate of potash, have 
proved to me that the relation between the quantity of carbonic 
acid which is precipitated, and that of the same acid which 
remains in the liquid when the equilibrium is established, is not 
the same with regard to the salts formed of the same acid and 
of different bases, but that it varies from each kind of insoluble 
salt. It remained to be determined, whether, with respect to 
the same insoluble salt, ^his relation would be the same with 
the sub-carbonate of potash, as with the sub-carbonate of soda, 
and to ascertain this the following expenment was made ; 

^'periment C. 1 took 10 grammes of the sub-carbonate of 
(lotash dry, and 7 ' 660 eg 4 'ammeB^f* the sub-carbonate of soda, 
also dry} quantities bich ought each to contain 3*07 grammes 
of carboi^ic acid* : these were separately dissolved in 250 

* * ^mmes 

* The proportions of carbonic acid admitted by M. Berard in the 
eohrcarbonate^^f |fdtash and of soc^, appears to be too weak, espeer 
ally in the latter, 4 grammes of the sub-carbonate of dry soda precipi¬ 
tated by the nitrate of barytes, produced 7 ’ 4 S 5 grammes of carbonate 
of barytes. Now admitting with M. Berzelias, Ibat 100 parts of tte 
latter salt contvn 21*6 of acid, (and this proportion mast be too weak) 
it is found tbaf in 100 parts of the snb-carbonate of soda, there*are 

40*09 
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* grammes of water, and each solution was kept in a state of Mntnal de- 

ebullition for two hours on eight grammes of the sulphate 

barytes. On analysing the two residues it was discovered that bie neatral 

salts 

the subcarbonate of potash had produced 2*185 grammes of 
carbonate of barytes, while the sub-carbonate of soda had only , 
yielded 1*833 grammes. This experiment was twice repeated, 
and the results did not sensibly differ. Thus two quantities 
of the sub-carbonate of soda, and o^ potash which contain the 
same chemical mass in their base, decompose the quantities of 
sulphate* of barytes which are between them, nearly in the 
relation of 6 to 5. I shall soon return to the consideration of 
the consequences that may be deduced from this result. . 

Since the soluble sfib-carbonates can no longer produce the 
decomposition of an insoluble salt, when by the effect of this 
decomposition, the acid of this salt is found in a certma rela¬ 
tion with the acid or base of the sub-carbonate which is not 
decomposed, it becomes probable, that by artificially going 
beyond this limit ; inverse phenomena will .be produced ; 
whicii, in fact, the following experiment has fully confiicned. 

Experiment. D. Seven grammes of chrystallised neutral sulphate 
of potash, and six grammes of the dry sub-carbonate of pot¬ 
ash, were dissolved in 250 grammes of water. ^ Tb|[S mixed 
solution was boiled with the sulphate of barytes, and after 
several hours of ebullition this latter salt gave not the slightest 
indication of decomposition. The filtered liquid placed in the 
same circumstances with the carbonate of barytes produced 
a considerable quantity of tbe^ulpbate of barytes; and heated 
afresh by the carbonate df barytes, •rE> decomposition took 
place, although it still contained sulphuric J^cid. 

In a similar experiment made 'with 15 'graoimes of the 
crys(allii^d surphate of sod% and »x grammes of the sub-car- 
. bonateof soda, the sulphate of barytes was not^ attached, ^wfaile 
the carbonate of barytes was converted into a sulphate, as fat 

* 

40*09 of carbonic aSld and 59*91 of the base. I found by the same 
means that 100 parts of the dry sub*carbonate of potash^coutains: of 
acid^0'70; of potaslrt69*50, • 
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as a certain limit, beyoad which there was no longer any* 
action. 

Lastly, the sulphate of potash, and the sulphate of soda 
alone and perfectly ueutral, re«acted likewise upon the carbo^ 
naie of barytes, and produced on one part sulphate of barytes, 
and on the other, the sub-carbonate of potash or of soda, which 
remained in solution together with the portion of the sulphate 
which resisted the decompe^nion. 

A comparative experiment w'as made on th^e two salts 
similar to experiment C. , 

Experiment E. Twenty grammes of crystallised sulphate 
of soda, and ten grammes of sulphate of potash, also crystallised, 
were separately dissolved in 2 C )0 grammes of water: and each so> 
lution remained in ebullition during two hours, together with 
20 grammes of carbonate of barytes. The sulphate soda produced 
10 ’ 1/0 grammes of sulphate of barytes, and the sulphate of 
potash, 9 * 870 . The quantities of tbe sulphate of soda and of 
the sulphate of potash used in this experiment were calculated 
according to the analysis of M. Berard, and each one ongbt 
to contain 4'433 grammes of real sulphuric acid; now the 
sulphate of soda lost 3'484 grammes which combined with 
the barytes, and only 10 949 grammes remained in tbe liquid. 
Hie sulphate of potash only precipitated 3 186 grammes, and 
consequently, ought to yet retain 1*245, whence it follows that 
the relation between the quantities of sulphurate acid retained 
by the potash and tbe soda, uncL.r these circumstances, diifer- 
very little from the quaniiiie^of the sulphate of barytes, de¬ 
composed by tbe sisA>^rbona^ei^of the same basis. (Expert- 
Ttunt. CJ 

The re-action of tbe insoluble carbonates and soluble salts, 
of which tbe acids can form wtih the basis of these carbonates 

r 

insoluble salts, is equally gei.eral with tbit of the soluble 
carbonates the ia<<duble salts. I have veritied this fact by 
difect experiments on a great part of tbe known salts wbieb 
unite tliese conditions, and tbe following^ table contains the 
resuks. 
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• 

Carbonate of baryt es, 

Carbonate « 
of strontian. 

1 

Carbonate of 
lime. 

Carbonate of 
lead. 

1 

Sulphate of Potash... 

Id. 

0. 

Id. 

Sulphate of soda. 

Id. 

O. 

Id. 

Sulphate of lime. 

Id. 

0. 

Id. 

Sulphate of ammonia. 

Id. 

> ' Id. 

1 Id. 

Sulphate of * magnesia. 

Id. 

Id. 

Id. 

Phosphate of soda. 

Id. 

Id. 

Fbosphhte of ammonia 

Id. 

Id. 

Id. 

Sulphite of potash.... 

Id. 

Id, 

Id. 

Sulphite of soda. 

Id. 

Id. 

Id. 

Sulphite of ammonia^ 

Id. 

Id. 

Id. 

Phosphite of potash.. 

Id. 

Id. 

Id. 

Phosphite of soda.... 

Id. 

Id. i 

Id. 

Phosphite of ammonia 

Id. 

Id, 

Id. 

Bor.ite of soda. 

Id. 


‘ Id. 

Arseniare of potash.. . 

Id. 

Id. 

Id. 

A: ^ciiiate of soda.... 


Id. 

Id. 

Oxalate of potash.... 

Id. ! 

Id. 

Id. 

Oxalate of ammonia.. 

Id. 

Id. 

Id. 

Fluateof soda. 

Id. 

Id. 

Id. 

Chromate of potash... 

Id. 

Id. 

Id. 


Mutual do, 
coiupoHitions 
of tlio inso|;i< 
bio iiiMitral 
salts, &v. 


Note. This table does not comprehend the earthy and metal* 
lie salts which have constantly an excess of acid, because their 
decomposition may be easily foreseen. MM. Tbenard and 
Hoard have had^n opportunity of particularly observing it in 
alann, in their interesting work upon mordants. (Annalea 
de Chernies, tome LXXIV,pl 27Q.) 

Before I proceed tp the tSbusequencesa that may be deduced 

from the observations noted in this table, t shall make some re- 

0 

marks upon several of them. 

All IS ose salts which ha\ie ammonia as their base, are com¬ 
pletely decomposed by the insoluble carbonates found Jn the 
same column, the new insoluble salt replaces the carbonate 
whieh is decomposed, and the carbonate of ammonia becomes 
disengaged as it is formed ; so that if a sufScient quantity of 
insoluble carbonate be added^ nothing will reipain ib solu¬ 
tion. * * 


When 
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^mpoftiiioiis When the soluble salt has an insoluble base, ibe decompo- 
of ttie iusolu- sltion does not meet with any obstaclo^ but continues Utuil the 
liquid contains nothing mote in solution. The results of tbe 
experiment vary slightly according to the nature of the base of 
the salt made use of. If it be a salt of which the base is lime 


or magnesia, in proportion as the acid forms with the base tbf 
the insoluble carbonate a salt which is precipitated, the lime is 
precipitated also in a state of carbonate.* 

If the base be metallic it almost always forms' a salt with 
excess of oxide, which being insoluble is precipitated. , 

All these decompositions belong, with regard to theory, to 
rome one of those which are already known ; and 1 have only 
related them, in order to particularise lh»i- characters which are 
presented by those which are acted upon by the salts, which have 
for their base potash and soda. 

I'he reaction of the latter on the insoluble carbonates differs 
essentially from those of the preceding. A small quantity »of 
carbonic acid is always disengaged at the commencement of 
the operation, but it soon ceases, thongk the decomposition 
continues to make progress. No salt of this class is entiiely 
decomposed by any carbonate. The quantity of tbe insoluble 
salt which is formed, is more or less considerable, iiRM>rding to 
the nature of the soluble salt and insoluble carbonate which- is 
used ; but when the reaction is no longer possible, t^tere always 
remains a portion of the acid of the soluble salt in tbe liquid 
along with the greater part of tbe carbonic acid of tbe decom¬ 
posed carbonate. * 

contimted.J 

• " 1 

* When the sulphate of magnena is decomposed by an fasoluble 
carbonate, if a sufficient quauticy of.Uie lattt'rbe not employed, tbe 
ffiiid, after the opcrstiou, sUew^higns q^f'alcalmity, a£id it may be sup- 
posed that by thus separatiug n portion of the sulpi/uric ac«Q i)om tiie 
uiuguesia, thUreshlt would be a salt with an excess of the base^ Hut 
this plicnomcnou depends upon the sub-caibqiuite of nia«.;iicsta bting 
soluble ill a solution of the sulphate of’the same base. Thi-. property 
furnishes a very convenient method of freeing tlie sulphate «f mag¬ 
nesia from ttic indocuce of the iron and manganese whud; ii eour 
tains. * ‘ * 


A Rlumoir 
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A MtttuAr on the Specific Heat of the Gases. By Messrs. F, 

Delarochb and Bbrard : To whhh the prize proposed by 
the Class of Mathematics and Natural Philosophy of the 
Institute of France, proposed in 1811^ has been awarded. 

Abstracted by the Authors. 

« 

I N <the original memoir, of whicb we here give a detailed Arrnunts of 
extract, we have given an account of the labours of those anS^^Eory of 
who have preceded us in the question the specific heat of ■’e- 

the gases. This part of our work not being susceptible of ana- 

I* 

lyses, we must refer to it, and ^only remark, tliat, notwith* 
standing the labours of Crawford, Lavosier, and Laplace, 

'^Gray Lussac, and other philosophers, we were not in possession 
of accurate information on this subject, when our memoir was 
laid before the Institute’^, We shall, therefore, without farther 
preface, gta#i the results of our experiments, alt of which were 
made in the laboratory of M. Berthollet, at Arcueil, and the 
processes we have ftdlowet} in mahipg them. 

SecTioN 1. 

e 

p. Account of the Prwesses foWSWii in mahiag our bive^tigatinn, 

t. Description of tkt cfl/on^er.-*The intention of our en- Descnptioo of, 
quiiy was to tfetermine the specific heat of the gases, according * calorimeter, 
to the imt^rt commonly atta^d to these words j that 4s to say, 
tn determine how much caloric is reqj^red to elevatej^ch from 
a given temperature to another temperature, aUo assu ned and 
fixed, or, which amounts to the ssiM thing, bow much beat 

• We bad dq»osited in the Office oftfae Institate, FebHf^y :^,1813, 
a first Memoir eontaiifii^ die principal results of oor iove»tigations. 

VoL. 184. U they. 
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EInnpntarj 

principles. 


The imtrii. 
mciir was a 
woitn pip& 
and cooler; 
to {le heated 
by a current 


they give out in returning from the higher to the lower of 
those temperatures. We did not seek to determine the influ¬ 
ence which is exerted upon the phenomenon by the change of 
specific heat, determined in (he gases by their dilatation or con¬ 
traction, which take place by digression or elevation of tempe¬ 
rature ; a change, which their great dilatability must render 
more sensible than in other bodies, and of which M. Gay 
Lussac has proved the eai&tence. This department of enquiry 
could nut have been made with our apparatus bat%itb extreme 
difficulty. , 

The means hitherto employed for the determination we 
.sought, having all appeared liable to some objections, we 
determined to employ another, founded esn the following •consi¬ 
derations : 

Let us suppose a constant and uniform source of heat, of 
which the action shall be totally confined to the body A insu¬ 
lated in the air; then this bod^ will become gradually heated 
to a point at which, on account of its elevation of tempera¬ 
ture, above the surrounding air, it will lose as mneh as it 
receives. At this point the temperature will become stationary, 
if the temperature of the air continues unvaried. On the other 
hand, it is a principle generally admitted, and oiMvbicb the 
truth cannot 1 m disputed, p^irticularly when small differences 
of temperature are concerned, that the differences of heat lost 
at each instant by a body insulated in the air, are proportional 
to the excess of its temperature above that of* the surrounding 
air. Now, since the body A, v^hen once arrived at its maxi¬ 
mum, loses as much as it r^aives} and that which it Joses 
in a given fime is ploportional to the excess of its temperature 
beyor.d that of the sorroundiug'air; it must be coucluded, 
that when arrived at this point, tb^uaotity of talpric which is 
communicated to it by the source of heat, in a givelTtime, is 
likewise prctporfional to the same excess. 

Let ns now make a cylinder of thin copper 15 ^centimeters 
(5’69 inches) in height, and 8 (3'14 inches^ in diameter, filled 
with distilled wafer, and transversed by a worm pipe of more 
than 1 mavre (39*3 inches) in length, forming a spirakof 8 

torus. 
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t 

turns, tlip two extremities of which terminate wilhout a side the gas to a 

inaxiBiuai* 

vessel, one aboVe, and the other below j and if a regular cur¬ 
rent of gas, delivered at an unifornfand elevated temperature, 
be passed through the pipe, this current may be considered as a 
source of uniform heat, and the cylinder as the body A, con- 
sequently, if the same experiment be repeated upon each of 
the gases, each current will raise the temperature to a fixed 
point, where it will remain stationary j and, upon arrival at 
this point, it will follow, from the principles laid down, that 
the quantity of heat communicated to the cylinder, in a given 
time, by each'.current, will be proportional to the excess of 
that stationary tempe/ature beyond that of the surrounding 
medmm. • 

We shall, therefore, obtain, with great precision, by this Reference of 
means, the comparative specific heat of each of the gases, JffectfS“a- 
which can be subjected to this mode of examination. There ter as the stao* 
will be-two methods of afterwards comparing with them that of *^*^'^*** 
water. The first consists in submitting the cylinder we hav& 
bet^ described, and shall distinguish by the name of aalo- 
rimetor, to the action of a current of water, regularly trans- 
mitted with a velocity so low, that it shall scarcely exceed, in 
its efiect, that of the gases j and the second method consists in 
determining, by calculation, the real quantity of heat which 
the calorimeter arrived at, its stationary temperature loses in a 
given time. F^r we have shewn, that, when arrived at this 
point, the heat which it loses in a given time, is equal to that 
which it receives from the cuitent of gas in the same time. 

It may be cboceived;,tffiiK a long lime would have been of ■ 

consumed in raising the temperature of tbi calorimeter through 
, . , , , t • * tauiing the 

the whole interval up to the stationary potpt, by the mere effect maximum. 

of current of lieated gas j Vid that the observation of its heat¬ 
ing, during this time, j^ould have been of no value.. We, 
therefore, preferred tf(Hevate its temperature, in the first 
instance, by a spirit lamp to a term which previous trials had 
shewn us to be ntoar that at which the temperature would be 
stationary. It was then left without the lamp, exposed to 
th^current of heafed gas, and its augmentation of temperature 

observed 

ax 



284 


ftpKCfllriC HEAT OF liASES. 


'^The vessel 
WMS heated 
till itf< trJ* of 
cltao/e tUi 
the sfeiite ;js 
vrell as 

bcloW the 
maximum. 


Te*nppratnre, 
, of tlir c-ilon- 
m* t**r, I <.w 
obtamid, Sue. 


observed for every ten minutes. But notwithstanding this 
precaution a very long time would have ^n required to produce 
the maxiinutn, and it woeld have been extremely difficult to 
ascertain when it had been really attained. We found it more 
convenient to stop the prooeeding as soon as, by the progress of 
heating, we judged that only two or three tentlis of a degree 
V'er(;! wanting lo arrive at that maximum j and then we elevated 
the temperature of the oalorimeter by the approach of an 
heated body, by a qoa.ntlty raiber greater than the maximum^ 
at wh'ch period the calor.metet being Ult to itself, lost some of 
its temperature, notwithstanding the current of gas was con* 
tinned to be passec' through it. We observett also the progress 
of this refrigeration for every ten minutef, and we stoppefi the 
experiment as soon as the retardation of the cooling indicated 
that the calorimeter was at the same distance fiom the term, at 
which its temperature would have been stationary, as it was in 
the preceding experiment. Taking, therefore, the mean 
between the final observailuns, we obtain with accuracy the 
term at which the temperature of our calorimeter would l^ve 
been stationary, if the beating action of the gas had been con* 
tinned for a sufficient length of time. 

The temperature of the calorimeter was determined by meaui 
of a thermometer, with at cylindrical reservoir* nearly of the satse 
length as that of the calorimeter itself, in order to shew the 
mean temperature of all the strata of the water. This instru¬ 
ment was sufficiently sensible to indicate clearly 0 02 of a 
degree (centigrade.) We shall eow proceed to shew, what 
methods we punued t<^ {sraduce p eouatant current of gas* to 
give it an invariable t^perature, to determine the temperatom 
of this current, on ita entering and issuing out from the calori* 
meter, and to appreciate the C&uses yfhich are iiidbpendently of 
this current, might raise the temperature of the calorimeter. 


(To h CmUinutiJ 
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A Treatise oo new philosopbical instrumenta for various 
purposes iiT the arts and sciences, with experiments on light 
and colours. By Dnvid Brewster, L L. D. F. R. S. £, Ac. 
octavo 427 pages with 12 copper plates. Edinburgh printed 
1813, 'and sold also ii\ London. • 

The present noticdl will contain only a concise indication 
of the subjects contained in this valuable treatise. They 
all relate to optics and tbe properties'of lighten fiye bodes, 
divided into chapters. The first book affords descriptions of 
tbe common micrometer, seven new micrometers on 
dificrent principles; viz. the wires, divided object glass, 
luminous image, mother of pearl, rotatory, eye^piece wire, 
and their applications Book II. lostruments for measuring 
angles when the eye is not at their vertex. Book III. Instru¬ 
ments for measuring distances. Book IV. Instruments Ibr view¬ 
ing objects under water ; another for measuring the refractivo 
powers of flnids, with a method of determining the refractivo 
powers of solids^ another instmnwnt for nieasoring tbe disper¬ 
sive and refractive powers of solid and fluid rabstances, with re¬ 
marks on the irrationality of the coloured spaces in difrerent 
mediums; new prt^itiesjiflpresied upon li^bt by traniraiwioii 
tbrongh diaphanous medmnu, and by its^reflection from po« 
lisbed surfoces, Ac. Book y» New telescopes and micrescopes. 


Experimental Researchea coDonmiog the Philosophy of 
Permaneht Colour!^ and the best means, of producing them 
by dyeing, calico printing, Ac. By Edward Beoecofr, M. D. 
F. R«S. Ac. in 't«e volumes octavo, obtaining \o28 pages. 

besi^p 
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besides an intrdduction of 33 pages, on the origin and progress 
of dyeing and calico-prln^ng, a preface of 18 pages^ and a 
full index of 33 pages, with tables of contents to each volume. 
London 1813. 

In the year ird4. Dr. Bancroft, who has been long' know^ 
and respected by philosophers and naanufacturers for his useful 
researches.^ and discoveries, published his Experimental 
Hesearches concerning the Philosophy of j’ermanent colours,'* 
&c, in one volume, which has since become extremely scarce. 
The numerous advances made in chemistry since that time have 
rendered it impracticable to compose a second volume and 
connect it with the former ; for whicl^ reason the authqy has 
thought at to compose a new and extended edition of the 
whole. He has generally used the language of modern 
chemists 5 but objects to the new metals of Sir H. Davy, as 
being improperly classed along with denser bodies already 
denoted by that term, and while he doubts whether the 
chlorine of that chemist be a simple or compound body, he 
thinks Frieur's term of murigene would be preferable to 
chlorine if a new denomination were required. He has 
divided his work into four parts. Parti. Treats of the per¬ 
manent colours of natural bodies, their composition, the 
various colouring matters, and those colours which being 
fixable by themselves be calls substantive. Part 2 . Relates to 
colours which require a basis or mordant, t<nd are by him 
denominated adjective. He treats of all the several bodies in 
the animal and vegetable king^ogis, of this class in this and 
his third part, and ^^art JV he disdasses the subject of com¬ 
pound colours. 

Mv. Wih.,HQri1ey, Member" of the London Philosophical* 
Society, is {»‘eparing for the press, a series of chemical tables, 
which will ekhiMt ttt 6 properties Of all ihe present known 

I 

bodies, the moltof thdr nnioin, the compoaftion of the Oxides, 
acids and tl^ir compounds, with the effects produced by the 
action of heat, light arid electricity; so that the whole %hall 

form 


4 


N 
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form a complete abstract of the science of chemistiy. Upon 
this I.would remark that tabulated results, in every science, 
form the most useful compendiudls as well from the relations 
of things exhibited by their orderly arrangement, as from the 
facility with which every required fact can- be recurred to. 
Tables not only shew the fulness of a science but its defects and 
wants ; and from this last advantage the departments open for 
new researches are clearly seen. * From the labours of this 
author, ad?ed to what has been done and is doing by Dr. 
Thomson, we are intitled to expect great benefits in the acqui- 
ition and cultivation of chemical knowledge. 


Dr. Smith and Mr. Sowerby have determined ito - finish 
their celebrated work ** English Botany,** by a general 
index to the 36 volumes. Which will be completed on the first 
of Januaty, 18 H. It is intended to arrange tlie names of the 
English plants contained in that work,' which will amount to 
nearly 2600, in one part alphabetically, and in another part 
according to the Linnean system, with such improvements as 
bpe been received during its publication. When English 
botany is completed, Mr. Sowerby hopes to be able to comply 
with the wishes of bis numerous friends, in publishing his 
** Mineral Cogchnlogy” every month. The British and Efitic 
mineralogy will, in ail prtibability,.b^ fimshed in the course of 
the next year. ® 


The learned author of ^he Theory of the Tides, which was 
coDcludad in this number, ^as favoured me with the following 
* note: 

** 1 believe it is not commonly known^ that the compass is 
cursorily mentionq^ as a familiar illustration by Dante, who 
wrote about the time at which it is supposed tGl^|||ye been in* 
trodttced. iParad. Cant. 12. ^ 


Si 





Si mooe voce, cbe Inga alh Stella 
Parer mi fece/in volgermi al nu> dofo* 

A voice aroie, bannonioai, imooth, and clear^ 
'Wllicli fixed me, like the needle to the star. 

Tamed to the radiant light Chat poured it on my ear, 

w 

Julif» 1813« 


Captain ladkey has at press, a Scientific description of the 
rarities in that magnificent <x)llectioo, *• The Hunterian Mn- 
seara/’ now deposited at the college of Gla^ovr. Jt is in¬ 
tended to comprise the rare, coiioiitt^ and valuable artidoi in 
every deparimem of art, soleaoe, and literature, which are 
contained in that great Bapositoiy. This interesting work, 
is rapected to appear early in July. 


l>r. Marsbsdl Hall, Koyil Infircnaiy, Edinl^ugb, if pre¬ 
paring a practical wcfk on the pbysicgnomy and atfitade of 
patients, and on the qrmptoms and* diagnosis of diseases. 

The whole Of the work is inisdd^ to hear on diagnoais 
as iu principal and cUtilnate object. ^ 
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'|)le8 upon wliich tho systematic 
arratigGOipnt Im fonndcd, vliiclj was 
pdpptcd as tlic basis of an essay on 
chemical nomenclature, 38. 4rl. 118. 
ISy. 163, 

Berzelius, Professor, on tlic different 
coloured oxides of tin, 122. tS4.126. 

on the combinations of the 
oxides of tin with saline bases, 130. 

.. ' on the combinations of tin ■ 

vdtli sulphur, J6r. 

Birds of passage, remarks on summer, 
and on migration in general, by 
John Gough, l!/9. 

Bodies, Ueliques*. enc^ of, by M. Gay 
Lussac, HT, 

Books, account of, 73. 140. 216. 235. 

B. T. on the sensation and perception 
of Plants, 42. 


c. 

Carbonate tS soda, lately discovered in 
South America, by Amelico Cabcal 
* de Mello, 4 J5. 

Cayley, Kir ^Icovge, lus observations 
rc<|)ecting the figm-e of a drowned 
man, formt'd on the ice at Hahiaknr 
paik; and upoh the explanatious 
Oirered on that siogolur. phenomenon, 
167. 

Carbonate, soluble action of, in insolu* 
blc salts* by M, Bolong, 274. , 
-Chemical examiniiUon of a variety of 
fossil n||^u, i>r native carbonate of 
soda, C. dc Mello, 48. 
Charcoal, < 5 nantitie 8 . to l>e obtaiued 
' from diff rent kinds of Wood. By 
..ount Runiford, lOO. 

- CJir'cumnavical^Hj voyageo- of Captain 
I.ii>iaiiSky,t'3, ' <" 

Close, Wto,, on tljcmeans of-e^-sing his 


hydraulic appaii^ to act with a 
variable quantity of water, 210. 
Colburn, Zerah, remarks on his 
i; methods of computation. By Mr. S. 
Ellis, 9. 

.,. ,.-.,- 1 ., practical illustrations, i 6. 
Colonrs of the electrical spark ia 
difFti,c’it mediums. By M.Giotthua, 
30. 

Comet, observations on a second, with 
Tt iuavl;s on its constrov. non. By Dr. 
Herschel, lyS. 

— - 1 .the body, ib. 

——, the chevclurc, 195. 

-, the tail, 196. 

-1 rr marks, ib. 

Crystallography^ eleiuciits of. By F. 
Accum, 75. 

Curweii, J. C. Esq., on the method of 
steaming, or cooking, food .for 
eat2le, 63. Ditto, by JVIr. Fraiiklyn, 
.>70, 

D. 

Description of a machine for reaping, 
as used by tile Gauls, 170. Design, 
173. 

Delarocbe and Berard, tluir memoir 
on the speciBc bcatjof the gases, 281. 
Process, ibid. 

Discui^on on tbr. cause of tiie figure of 
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earbcn%te» 014 llie in?ohsble salts, 
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E. F, G. H., bis tlteory of the ,tidea, • 
incliidintt tb^cODbideration of resis¬ 
tance, hi5. p 

li^llis, S., his remarks on the methods of 
computation used by Z. Colburn, 

9. 1^. ^ 

-, his illustrations, 16. 

Electrical spark, colours of, in different 
ntndiiims, by M.Grotthus, 30. 

Elements of Crystallography, by F. • 
Arxnm, 

Electric column, elfe-cts of, w^cii 
formed of 20,<)rj0 pine and silve^ 

* plates. By G, J. Singer, 81. r 
Electricity, on the cionducting powers 
of, and the effects of points, By R. 

B. 131. 

Error in Mr. Woodward's elementary 
treatise on Astronomy, 177. 

Explanatory statement of the notion 
and principles a;|^n which the syste¬ 
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